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ABSTRACT 
The aim of the study is to examine on how well EIA can protect the 
biodiversity in Hong Kong. The study evaluates the quality of the ecological 
components in Environmental Impact Assessment reports in Hong Kong and the 
effectiveness of the ecological compensation/mitigation measures. Hence, the study 
objectives were achieved by a critical review of 43 EIA reports and field examination 
of the performance of compensatory wetlands implemented in Hong Kong. 
The critical review of EIA reports indicates that the quality of ecological 
statements is far from being satisfactory, the sections of baseline study and impact 
prediction are particularly problematic. It was found that some baseline studies were 
conducted in subjective and non-systematic ways covering only a few days or a few 
months often overlooking the most critical season. Predictions made were expressed in 
verbal descriptive terms and ambiguous ways. Higher ecological attributes such as 
species diversity and ecological function were seldom acknowledged and recognized 
in the assessment. 
Given that the EIA process is instrumental in avoiding and identifying 
problems and proposing measures to minimize and mitigate impacts, the deficiencies 
in the baseline study will have adverse consequent effects on impact prediction and 
formulation of mitigation strategy. Furthermore, it has been observed a significant 
i 
proportion of studies are predisposed to mitigating rather than avoiding impacts. The 
field studies indicate that the ecological compensatory measures fail to measure up the 
promises implied in the EIA reports. Two recreated mangrove plantations, situated in 
riverine and marine environment, were examined with respect to the growth 
conditions and soil properties. It was found that the overall survival rates of the 
riverine and coastal mangrove communities are around only 60-70%, which are less 
than normal. A very high mortality rate (90%) was observed for one particular species, 
A. corniculatum, in the coastal mangrove. Despite the riverine mangrove community 
performs much better than the coastal mangrove, the former is still threatened by weed 
growth, floating debris and pollutants brought down by the river. This highlights the 
need for choosing the right site, plant mix and planting density and provision of 
maintenance and after care. 
The use of compensatory fishponds by birds was also studied. The results show 
that recreated fishponds generally attract less bird than the natural fishponds both in 
terms of number and diversity, and the differences are more pronounced among 
wetland-dependence birds. 
These findings indicate that the provision of a compensatory habitat of an area 
same as the one lost is not a guarantee of restoration of the same ecological function. 
All these highlight that the mere provision of compensatory habitats on the “no net 
ii 
loss" principle in terms of area is not sufficient, one must provide the right 
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Environmental Impact Assessment (EIA) has been heralded as a proactive 
environmental protection tool and formally instituted as a mean to manage 
environmental impacts of development projects in many places including Hong Kong. 
The major functions of the EIA are to collect and collate relevant environmental 
information of the project and the area upon which it may inflict; to predict 
environmental impacts of the project; to identify measures needed to avoid, minimize 
and mitigate the impacts and to assess the acceptability of the residual impacts of the 
project after mitigation (Treweek, 1999). 
In recent years, the focus of EIA has shifted from pollution prevention to the 
conservation of biodiversity, the latter of which Hong Kong has an international 
obligation (Biodiversity Convention Office, 1996). Ecological issues have become the 
decisive factors in determining the environmental acceptability of some projects, as 
exemplified in landmark cases such as proposed housing developments at Nam Sang 
Wai’ Shalotung and Tin Shui Wai, and infrastructure projects like the New Airport 
Aviation Fuel Depot and West Rail. The issues touched on the well-being and 
conservation of ecological sensitive habitats such as wetlands, woodlands, marsh and 
species of conservation importance such as dolphins, birds, frogs and dragonflies. 
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Most recently, the KCRC spur line project proposed to alleviate the 
cross-boarder crowding has been turned down by the Hong Kong Environmental 
Protection Department (EPD) on the ground of jeopardizing the well-being of the 
wetland in Long Valley (South China Morning Post, 2000a). At the same time, the 
proposed road between North and South Lantau has been rejected to preserve the 
stream ecology in Tai Ho Wan (South China Morning Post, 2000b). The Government's 
moves have been applauded by green activists but have also evoked strong discontents 
among indigenous inhabitants, developers and other interest groups. Many similar 
societal conflicts will continue to arise in light of increasing development pressure on 
land use arising from rapid population expansion. Consensus on environmental issues 
between different groups on how to balance development and environmental 
protection is hard to attain. 
In Hong Kong as well as in other parts of/the world, the conservation of 
biodiversity has become an issue of increasing concern, however, the acceptability, 
adequacy and efficacy of ecological assessment have repeatedly been questioned. 
Some have pointed out that the EIA statements on ecological impacts are typically 
superficial, vague, inaccurate and always have a high degree of uncertainty (Corlett, 
1998). Green groups also raise doubts on the prediction accuracy, the mitigation 
efficacy and the quality of environmental consultants. For example, about 200 
2 
endemic Black Paradise fish - the only population found in wild in Hong Kong - have 
disappeared in the Sham Chung River because of the disturbance from the 
development of a 4-hole golf course (Chan, 2000). This incident has shed some light 
on the reliability of predictions and pledges of mitigation recommendations made in 
EIA reports. 
Ecological Impact Assessment (EcIA) is a new science and is still developing, 
there is no generally accepted standard methodology for ecological assessment and for 
the formulation of measures to avoid, minimize and compensate habitat losses. 
Environmental professionals all over the world are looking for sound methods and 
innovative ways to overcome the problems and improve the effectiveness, so that the 
societal needs can be met and biodiversity obligations fulfilled. 
Evaluation of the quality of ecological assessment and the effectiveness of 
mitigation measures have been undertaken in other parts of the world through 
document reviews and field surveys (Treweek et al, 1993; Thompson et al, 1997; 
Wamken and Buckley, 1998). But very few similar studies have been carried out in 
Hong Kong so far. Briffett (1996) evaluated the effectiveness of EIA in the context of 
legal, institutional and technical aspects in Hong Kong through interviews and postal 
surveys with environmental consultants. Corlett (1997) collected the views from 120 
people who had been involved in EIA in Hong Kong. The former study highlights that 
3 
impact prediction is the most common problem encountered by local ecological 
consultants. The latter reveals that the institutional makeup and manpower inputs are 
the major factors hindering good ecological practices. Nevertheless, both studies 
focused on opinions obtained from ecological consultants, and a more holistic 
approach to the problem covering different aspects of the EcIA process is being called 
for. The proposed research attempts to fill up this knowledge gap. 
As previously mentioned, EcIA is becoming increasingly important, but is 
fraught with lots of problems that may undermine its effectiveness. Looking at the root 
of these problems, a research is needed to examine on how well EIA can protect the 
biodiversity of Hong Kong and such an examination has to be undertaken 
systematically and scientifically. This thesis is the first known attempt in Hong Kong 
and is based on reviewing overseas literature and local EIA reports, and investigating 
the effectiveness of ecological mitigation measures through field studies. 
In examining Hong Kong's cases and overseas experiences, this study aims at 
looking for innovative and effective approaches in conserving biodiversity through the 
EIA process. 
4 
1.2 Organization of Study 
The framework of the approach adopted for this study is portrayed in Figure 
1.1. The study is comprised of 3 stages，namely, (a) literature review, (b) analysis and 
evaluation of the effectiveness of EcIA and (c) recommendations. 
1.2.1 Stage One - Literature Review 
This part aims at gathering relevant information on EcIA both in Hong Kong 
and elsewhere, defining the scope and framework of this study and formulating 
research objectives. 
They can be achieved by a series of literature review, encompassing academic 
journals，books and research reports, through which the problems and current practices 
of EcIA in Hong Kong and overseas countries can be identified. 
1.2.2 Stage Two 一 Review of EIA Reports and Case Studies of Ecological 
Mitigation/Compensation Measures 
The aim is to evaluate whether the EIA process and practices can protect the 
biodiversity in Hong Kong. The evaluation is separated into two parts, critical review 
of ecological statements and in-depth case studies. The part regarding critical review 
of EIA reports attempts to assess the quality of EcIA with reference to a number of 
5 
review criteria. To further evaluate the effectiveness of compensation/ mitigation 
measures addressed in reports, field studies on the compensatory habitats implemented 
locally were conducted. 
1.2.3 Stage Three - Evaluation and Recommendations 
Based on the analysis of the EIA reports and field data, an overall discussion of 
findings is undertaken and recommendations on how EcIA practices can be improved 
will be put forward. 
1.3 Chapter Outlines 
The thesis is organized into six chapters. Chapter 1 highlights the rationale and 
significance of the study; defines the objectives and scope, and provides a brief sketch 
of the research framework and methodology. Chapter 2 gives a general introduction of 
the EcIA process in Hong Kong and its role in ecological conservation, and examines 
the problems of EcIA in overseas countries. This is followed by Chapter 3，which 
provides detailed descriptions of the study areas and methodology adopted. Chapter 4 
evaluates the quality of ecological statements in 43 selected EIA reports. Chapter 5 
reports on case studies of compensatory habitats implemented in Hong Kong. Chapter 
6 concludes and summaries the findings of the study; comments on the performance of 
6 
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CHAPTER 2 
BACKGROUND OF STUDY 
2.1 Introduction 
This chapter sets the background of the thesis by reviewing past ecological 
impact assessments done in Hong Kong and overseas countries. The review focuses on 
those aspects related to (1) the E d A process in Hong Kong and its role in ecological 
conservation; (2) the quality of the ecological component in EIA studies; and (3) the 
adequacy and success of ecological mitigation, restoration and compensation 
measures. 
Such background information helps identify key research issues and shed light 
on the underlying problems, which are essential for formulating the research 
framework. 
2.2 Definitions 
EIA has been defined as a process of identifying, predicting, and managing 
environmental impacts with the primary objective to avoid and minimize the adverse 
environmental impacts prior to development (Glasson et ai, 1999). It has been 
heralded as a mechanism for implementing principles of 'sustainability' and 'wise 
use, of environmental resources (Treweek, 1996). It also provides a common platform 
for integrating social, biophysical and economic issues to inform decision on whether 
9 
or not permission should be given to a proposed development. This enables 
decision-makers to reach a reasoned decision on the project through a well-planned 
assessment mechanism. 
As part of EIA, Eel A primarily evaluates the environmental consequences of a 
project on organisms including flora, fauna and natural habitats, rather than the human 
beings (Treweek, 1999)，providing a formal tool to integrate biodiversity with formal 
planning decisions. 
2.3 The Ecological Impact Assessment Process 
Like other impact assessments in EIA, the EcIA is comprised of four steps, 
namely, baseline study and scoping, impact prediction and evaluation, mitigation, and 
environmental monitoring and auditing (EM&A). 
2.3.1 Baseline Study and Scoping 
Baseline study is to collect the pre-project conditions of flora, fauna and 
natural habitats by field survey. It is commonly acknowledged as a fundamental 
element for the subsequent prediction and impact evaluation. Therefore, the quality of 
data will definitely affect the accuracy of prediction and eventually the final decision. 
Ideally, the baseline study should be based on repetitive sampling and testing with 
10 
adequate indication of the spatial and temporal variability of the measured variable 
(Treweek, 1995). Scoping and preliminary study is one of the baseline study processes, 
which is launched at the beginning of study. It aims to identify the key issues so that 
the assessment in later parts can become more focused. 
2.3.2 Impact Prediction and Evaluation 
After collecting the baseline data, the potential impacts arising from the 
developments will be predicted based on the results of the baseline study, modeling 
and specialist knowledge. The main task of prediction is to identify those development 
activities likely to interact with ecosystem components or processes and to define their 
expected magnitude in spatial and temporal terms (Treweek, 1995). Despite being a 
crucial part of the assessment process, prediction is always the weakest (Treweek, 
1999) because of the complexities of ecosystem, deficiency in background 
information and the lack of commonly accepted prediction methods. 
2.3.3 Mitigation 
Mitigation should be undertaken to avoid, minimize and compensate the 
potential impacts predicted from the previous steps. According to the Environmental 
Impact Assessment Ordinance (EIAO) in Hong Kong, all impacts should be first 
11 
avoided, if possible, by adopting other alternatives. For those impacts which cannot be 
avoided, appropriate mitigation measures should be taken. If losses of important 
species/habitats are unavoidable after taking all practicable means, they should be 
compensated. The compensatory habitats should be created with the same 
functionality or area as the one lost or disturbed. 
2.3.4 Environmental Monitoring and Auditing 
Finally, when the project goes ahead, monitoring is undertaken to ensure that 
impacts have been predicted accurately, prescribed mitigation measures are 
appropriately and adequately implemented (Bagri et al, 1998), while auditing is 
carried out to evaluate how well the environmental standards are met and objectives of 
mitigation fulfilled. 
2.4 Ecological Impact Assessment in Hong Kong 
Although EIA is implemented in many countries, biodiversity is an aspect 
seldom adequately addressed because EcIA is still a new science. EIA in the United 
States was first launched by promulgation of the National Environmental Protection 
Act in 1969 (Beanlands and Duinker, 1984; Treweek, 1996)，but biodiversity elements 
were incorporated into the EIA only after 1992 following the Conference of the 
12 
Convention of Biological Diversity in Rio (Bagri et al.，1998). Article 14 of the 
Convention obligated all signatory parties to conserve biological diversity and to 
address biodiversity issues in all projects, programs and policies through impact 
assessment. Although Hong Kong is not a signatory party to the Convention, the 
Government has indicated its intention to “meeting the environmental objectives of 
the Convention” (Felley, 1996). 
In Hong Kong, the development of EcIA can be said to have developed 
concurrently with that of EIA. The development of EIA in Hong Kong has 
experienced some dramatic changes in the last two decades. EIA was first 
implemented in Hong Kong in 1979 (Au and Baldwin, 1994)，at a time when it was 
restricted to, and imposed on, a small number of projects. EIAs undertaken at that time 
focused largely on project design and mitigation. The application of EIA to public 
sector projects was then mainly guided by an inter-departmental administrative 
circular while the private sector projects through conditions in land grants and land 
lease. In 1986, the Government attempted to tidy up the environmental requirements 
of EIA through the funding approval process on public sector projects in the 
Legislative Council. Because the system was implemented under administrative rather 
than statutory arrangements, there was no legal recourse in case of non-compliance. 
During this time, the protection of ecologically important habitats mainly relied on the 
13 
statutory plans such as the Town Planning Ordinance and the Country Parks 
Ordinance. 
Between 1992-1997, the EIA process in Hong Kong moved towards more 
open and tighter controls (Au and Baldwin, 1994). Although EIA was still an 
administrative device, the EIA process was scrutinized by the Study Management 
Group (SMG) and the Advisory Council on the Environment (ACE). The SMG, 
composed of representatives of Environmental Protection Department (EPD) and 
related government departments, project planners and environmental consultants, was 
responsible for compiling the study brief, advising on the study methodology, and 
discussion of the findings and implications of the study (Lam, 1997). 
Following completion of the EIA report and approval by the SMG, the report 
was submitted to the ACE for review and endorsement. ACE, comprised mainly of 
representatives of academies, green groups and .interested parties, would then 
undertake independent review of the report and advise EPD whether the report is 
acceptable. This is a form of public participation in the EIA process. During discussion 
in the SMG and ACE, requirements for environmental monitoring and auditing may 
be imposed (Lam and Brown, 1997). 
In April 1998, the EIA system was formally reaffirmed by implementation of 
the EIAO which clearly stipulates the contents of the EIA report, criteria for 
14 
assessment, provisions for review and judicial involvement of the process. A 
Technical Memorandum (TM) is appended to the EIAO to spell out the methods and 
criteria for assessing ecological impacts and contents of the EcIA. In addition, the 
Ordinance clearly states the need for EcIA for projects that may have an impact on the 
natural environment, flora, fauna and wildlife. It also stipulates that compensation 
measures can be provided off-sites if on-site opportunities are limited. 
In contrast to that of the 70-80s, the focus of environmental protection in recent 
years has shifted from pollution control to biodiversity conservation. The need to 
protect some threatened habitats has captured not only the attention of the general 
public in Hong Kong but also the environmental circle worldwide. As mentioned in 
Chapter 1, the consideration given to valued ecological resources has become one of 
the decisive factors in determining whether or not the project should go ahead. 
However, many of these ecological hot spots are scattered in a great number of 
locations throughout the territory. Those, which are located at the urban fringe, are 
particularly subject to pressure and threat arising from urban development. It has also 
been found that some of these ecological hot spots are located on private rather than 
public land (Dugeon and Corlett, 1994). In recent years, urban development in Hong 
Kong has spread to the New Territories. The development of large housing estates, 
railways and highways has inevitably impinged on these hot spots such as fishpond, 
15 
freshwater marsh and mangroves. Many of them are located outside the Country Parks, 
and are hence not protected by the Country Parks Ordinance. In the absence of other 
statutory control and protection, many people have placed hope on the EIAO to protect 
these valuable ecological resources. 
Although EcIA has been gaining increasing importance in Hong Kong, as this 
thesis is going to demonstrate, a number of problems inherent in the EcIA process still 
hamper its effectiveness. Some of these problems have been reported in other 
countries such as Australia, U.K. and U.S. 
2.5 Problems of Ecological Impact Assessment 
EIA has been practiced for at least two decades, however, the ecological inputs 
on environmental statements are still being criticized for the lack of scientific rigor, 
inadequacy in ecological contents and failure to predict and evaluate ecological 
impacts (Treweek et al, 1993; Thompson et al, 1997). Despite EcIA practices may 
differ from country to country, the problems encountered are the same, viz. poor 
quality of ecological assessment, lack of legislation support and the inclination to 
mitigate/compensate rather than to avoid impacts. 
Ecological components in EIA reports have been examined by some 
researchers and their results show that EcIA is still far from being satisfactory 
16 
(Beanlands and Duinken, 1984; Treweek et al, 1993; Thompson et al, 1997; Treweek 
and Thompson, 1997; Warnken and Buckley, 1998). It has been alleged that many 
EcIAs have been superficially done and are scientifically unsound. For some studies, 
the baseline study is inadequate to provide data for reliable predictions. For example, 
a critical review of 179 EIA reports done between 1988 and 1993 in U.K. revealed that 
ecological survey was undertaken only in 45% of reports reviewed, and only less than 
9% attempted to quantify the impacts (Thompson et al, 1997). In addition, most of 
the studies focused only on the absence or presence of species and rarely took account 
for higher order biological attributes. Those aspects of diversity at the species and 
ecosystem levels, and functional components of biodiversity were generally absent in 
the assessments (Bagri et al., 1998). Very often, only the species lists were given 
(Thompson et al, 1997; Gray and Jones, 1999). 
Some criticisms were also leveled at the baseline surveys which mostly 
covered a few days, a single season rather than a whole year (Buckley, 1995)， 
precluding the collection of sufficient information to give a full account of seasonal 
variations. Treweek (1993) indicated that 31% of reports reviewed conducted the 
ecological surveys with the inappropriate time frame. Such concerns were echoed by 
Warnken and Buckley (1998) who showed that in Australia only 14% of reports had 
sampled the flora and fauna covering all seasons. 
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It has also been alleged that statements of prediction are over-generalized 
(Wariiken and Buckley, 1998), biased and descriptive. Few EIAs gave consideration to 
complex and indirect ecological effects such as the relationship between species 
(Treweek, 1996). In addition, the magnitude and frequency of the impact and their 
likelihood of occurrence were rarely stated. Usually, biased statements are deliberately 
made to indicate that impact would not be significant (Thompson et al, 1997). 
Most of the evaluation done has not been proactive to allow a full appraisal of 
the alternatives. Many have given very little information on alternative sites and routes. 
In the absence of a proper scoping exercise, the assessment is unfocussed and much of 
the effort is wasted on irrelevancies (Gray and Jones, 1999). In many cases, mitigation 
schemes are vague (Thompson et al, 1997) so as to please the assessors and to avoid 
further recourses in case of non-compliances. His work showed that despite mitigation 
measures were proposed in 78% of EIAs containing" ecological components, details 
were given in only 23% of the cases. Very few (2%) attempted to indicate the likely 
success of the proposed measures (Treweek, 1996). All too often, proposed mitigation 
measures do not always relate directly to the ecological impacts identified in 
ecological statements (Treweek and Thompson, 1997). Aftercare programs are 
generally absent in most of the cases. 
Furthermore, most reports fail to make any commitment to monitor the 
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development impacts. The main reason is that there is no statutory obligation to 
undertake post-project monitoring. Even they do, monitoring data are seldom 
compared to pre-project baselines and are rarely adequate to detect changes relative to 
baseline (Warnken and Buckley, 1998). 
The absence of, and ambiguities in, the law also contributes to the problems. 
The ecological contents in the law are often not stated explicitly and interpretations of 
legislative requirements are often varied. The EIA legislation in many countries does 
stipulate the content of assessment, but rarely specify the methods by which the EIA 
itself is to be conducted (Treweek, 1996). The lack of official guidelines has 
contributed to inconsistency in approach that makes evaluation bias-prone. 
2.6 Compensatory Mitigation 
Compensatory mitigation on wetlands has often been criticized too liberally 
used in the EIA permit process (Torok et al, 1996; Race, 1985). At the same time, the 
effectiveness of mitigated wetlands in replacing the functions and values of the losses 
has been widely questioned. Numerous studies have shown that compensated or 
restored wetlands do not perform the same ecological functions as the undisturbed 
wetlands even after a long time (Zedler and Callarway, 1999). For example, the work 
of Gong and Ong (1993) revealed that high mortality rates of 43% and 29% were 
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found at the 13- and 18-year-old restored Rhizophora mangrove communities 
respectively (Gong and Ong, 1993). This clearly points out the need for long-term 
replenishment and management plans for compensatory wetlands (Maxwell, 1995). 
Other studies have also suggested that created wetlands are quite different from 
the control wetlands in terms of the bird population (Delphey et al, 1993; Brown et al.’ 
1998), soil properties (Bishel-Machung et al, 1996; Streever et al, 1996), water 
quality (Streever et al, 1996; Hunt et al, 1997) as well as vegetation composition 
(Galatowitsch et al, 1996). 
On the other hand，the technology of habitat recreation is still developing, there 
is no warrant for the artificial wetlands to persist as permanent substitutes for 
sacrificed natural habitats. For the above reasons, this study attempts to look into the 
effectiveness of compensatory wetlands by systematic and scientific observations so 
as to ascertain whether the current EIA system in Hong Kong can practically safeguard 
the diminishing wetland resources or just to barter valuable ecological resources away 




METHDOLOGY AND STUDY AREA 
3.1 Introduction 
The goal of this thesis is to examine whether or not and to what extent EIA can 
protect biodiversity in Hong Kong. This question is raised because urban and 
infrastructure developments has brought about tremendous pressure on the natural 
environment (Marsden, 1999) in the past several decades in Hong Kong and EIA has 
been heralded as an effective environmental planning tool. Many people have placed 
high hopes on the EIA system because it is a proactive and preventive tool rather than 
a reactionary and curative measure. How has EIA lived up to its promises is the key 
issue addressed in this thesis. 
To what extent EIA can avoid, minimize and compensate for habitat loss 
depends very much on how the EIA study was carried out and how its 
recommendations implemented. To answer these questions, I have undertaken a 
comprehensive review of EIA reports conducted in Hong Kong to ascertain the quality 
of the ecological information and the assessment. This is an important first step in 
protecting biodiversity because both the ecological information and the 
recommendations contained in the EIA reports will determine the course of remedial 
actions to be undertaken. 
As mentioned in Chapter 1，one of the key functions of the EIA is to identify 
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measures to avoid, minimize and mitigate the environmental impacts arising from a 
development project. If the impacts cannot be avoided, then mitigation and/or 
compensation measures have to be implemented. In the area of ecological assessment, 
those compensatory measures are known as "ecological compensation". While an 
increasing number of EIAs have recommended ecological compensation to offset 
ecological impacts, there has at the same time been an increasing concern among the 
EIA practitioners about the effectiveness of these compensatory measures (Wilson and 
Mitsch, 1996; Race and Fonseca, 1996). Doubts were cast because recommendations 
in EIA reports are only pledges. It has been commonly acknowledged that there may 
be significant differences between pledges, prediction and reality. The performance of 
the ecological compensatory measures depends very much on a host of factors, such as 
the validity of the background ecological information, the adequacy and 
appropriateness of the assessment, the implementation of the recommended 
compensatory measures, the maintenance and after-care program. In an attempt to 
ascertain if the EIA can live up to their promises, the performance of several local 
ecological compensatory schemes has been studied. It is hoped that through this study 
some light will be shed on the potentialities and limitations of the EIA process in 
protecting biodiversity in a place with high development pressure such as Hong Kong. 
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3.2 Critical Review of EIA Reports 
To answer the above questions, the study attempts to assess the quality of the 
ecological impact assessment to unravel any underlying problems. The purpose is to 
critically review the ecological contents of the EIA reports in Hong Kong. 
Assessing the ecological contents of final EIA reports can, to some extent, 
reflect the sufficiency and quality of EcIA. It is assumed that the final EIA reports 
being reviewed contain all necessary information for determining the acceptability of 
the residual impacts and the mitigation measures needed. 
3.2.1 Methodology 
According to EPD (Environmental Protection Department, 2000), a total of 
186 reports have been approved from 1991-2000. Among these, 43 reports (Appendix 
A.) were intentionally selected to cover as many project types and years as possible. 
They represented approximately 23 % of the total EIA reports available at time of 
study. 
The review process is comprised of a pilot-scan and a subsequent full review. 
In the initial pilot scan, the reports were scanned to identify those which contained 
ecological components and they were selected for a subsequent full-scale review. The 
ecological components of the 43 selected reports were then critically reviewed 
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according to a list of criteria with respect to the type and size of the projects; existing 
land use; quality of ecological baseline study; impact prediction methods; mitigation 
measures, as well as EM&A (Table 3.1). These criteria have been formulated with 
reference to the TM of the EI AO and to similar works of Treweek (1995, 1999), 
Thompson et al (1997)，Thompson and Treweek (1997)，Wamken and Buckely 
(1998), and Bagri et al (1998)，Chan (1998). To facilitate collecting information from 
each selected EIA report, an assessment form was developed with reference to these 
criteria (Appendix B.). 
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Table 3. Id Criteria for reviewing the ecological contents of EIA Reports (cont'd) 
Ecological Baseline Study 
Scoping and preliminary study 
Desktop studies and preliminary field studies should be carried out to collect background 
information and to focus the study on key issues. 
Intensive field survey 
Field survey should be carried out when no up-to-date and relevant data are available on the study 
areas. 
Survey methodology 
1 • Methodologies should be objective, based on systematic and scientific sense. It is better to use 
standardized and widely accepted methods. 
2. Sufficient samples and replications should be taken in both the spatial and the temporal scopes. 
Scopes of area and time 
1. The period of assessment should be long enough to cover the seasonal variations of key 
species which exhibit distinct seasonal patterns. 
2. The study areas and sampling locations should be clearly specified during reporting. 
Taxonomic groups 
1. The study should cover as much affected biota as possible to avoid bias on the easily 
identified and quantified taxonomic groups. 
2. The data provided should be sufficient and quantitative enough to predict the potential 
impacts. 
3. The baseline should reveal both the ecosystem structure and the biological functions of the 
study species and habitats. The ecosystem structure includes species diversity】，population 
size], species compositions"^ and community structures^ The ecological function includes the 
b iomass�nutr ient f lows and species interrelationship (Spellerberge, 1992). 
‘Species diversity is a measure of the relative abundance of species (Spellerberge, 1992) 
2 Population is a collection of individuals of the same species in a prescribed area. Population size is 
simply the number of individuals of that population (Spellerberge, 1992). 
3 Species composition is a collection of the species present. 
4 A community is a group of organisms of different species that are found in the same habitat or area， 
interacting by a way of energy transfer through trophic levels. 
s Density is measured as the number of species in a unit of area. Biomass is the total weight of species 
or part of species in a unit of area. 
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Table 3.1b Criteria for reviewing the ecological contents of EIA reports (cont'd) 
Impact prediction ‘ 
Prediction methodology “ ‘ “ 
The report should clearly address the prediction methods and procedures in accordance with sound 
rationales, defensible and logical reasoning. 
The potential impacts “ “ “   
1. The prediction should include both direct and indirect impacts. 
2. It should specify the affected habitats or species and the types of impact. 
3. The impacts should be predicted in respect of the magnitude, geographic extent, duration, 
irreversibility and likelihood of occurrences. 
4. It should be as quantitative as possible. 
Cumulative impact “ “  
Potential impacts should be taken into account of cumulative, additive or synergic impacts o f all 
current and proposed projects sharing the same geographic area. 
Uncertainty of prediction ‘ “ “ 
Any uncertainties devised by the prediction should be clearly mentioned in reporting. 
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Table 3. Id Criteria for reviewing the ecological contents of EIA Reports (cont'd) 
Environmental Mitigation 
1. Sound mitigation measures should be undertaken in the priority of avoidance, minimization 
and compensation. 
2. The rationales of selection should be reasonably explained and the proposed measures should 
coincidence with the predicted impacts. 
Avoidance 
The EcIA should consider the alternatives including the ‘no-action’ alternative in the early 
planning stage. 
Minimization, compensation and enhancement 
1. The proposed measures should better demonstrate their effectiveness with reference to the 
precedent cases or successful experiences elsewhere. 
2. The mitigation plans should be prescribed in details with design layout, location, operation 
rationales, plantation species and the expected performance. 
3. The responsible authorities or personnel should be clearly spelled out and the 
implementation timetable should be given. 
4. The types of habitats, area of compensation and the compensation ratio should be stated out 
in the statements. 
5. ‘No-net-loss’ should be adopted as the guiding principle in design of compensation 
measures, in which the ecological important habitats should be fully compensated at 1:1 in 
terms of both the area and function. 
Residual impacts 
Any possible residual impacts that cannot be overcome by mitigation measures should be properly 
addressed. 
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Table 3. Id Criteria for reviewing the ecological contents of EIA Reports (cont'd) 
Environmental Monitoring and Auditing 
1 • The monitoring programs should be set up for the important impacts and mitigation 
measures. 
2. The monitoring procedures, parameters, frequency and sampling locations should be 
detailed and sufficient enough to evaluate the environmental change attributed by the 
proposals. 
3. The after care management plan and its responsible authorities should be given in 
reports. 
4. The control sites (references) should be used to evaluate the effectiveness of 
mitigation measures and the actual impacts on site. 
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3.3 Case Studies of Compensatory Wetlands 
Review of EIA reports could only reveal information on the assessment 
process , w h i l e the actual e f f ec t s o f implementat ion could on ly be ascertained by f ie ld 
observations and measurements. As mentioned in earlier chapters, ecological 
compensation has been adopted to offset the impacts from development for habitats of 
ecological importance such as fishpond and mangrove. In an attempt to ascertain the 
effectiveness of the compensation, three compensatory wetlands in Hong Kong have 
been selected for an in-depth investigation. 
3.3.1 Selection of Ecological Compensation Projects 
To search for suitable case studies for an in-depth investigation, the following 
criteria were applied, (1) sites should be representative of wetlands commonly found 
in Hong Kong (2) sites should have compensatory wetlands already established (3) 
sites are large enough (over 2 ha) for quantitative measurement and accessible for field 
investigation, and (4) entry permission is available from relevant authorities. 
In accordance with the above criteria, one freshwater wetland site and two 
mangrove stands have been selected. The background information of these sites will 
be given in the following sections. 
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3.3.2 Study Sites 
The three study sites selected for investigation are all related to infrastructure 
projects in the mid-1990，s in Hong Kong. They include the Au Tau Interchange of the 
Route 3 project (CES Consultants in Environmental Science (Asia) Ltd., 1995)，the 
Kam Tin Section of the Main Drainage Channel (Environmental Resources 
Management, 1996) and the compensatory mangrove of the Kau Sai Chau Golf 
Course (AXIS Environmental Consultants Ltd.，1994). The former two are located at 
the western part of the New Territories and the latter is on an outlying island in the 
eastern New Territories (Figure 3.1). 
3.3.2.1 Climate 
The climatic conditions of the three sites are about the same. The climate of 
Hong Kong is governed by two prevailing monsoons, namely southeasterly in summer 
and northeasterly in winter. By the influence of the two monsoons, they result 
respectively in wet and warm months in summer from April to September, and cold 
and dry months in winter from October till March. Thus, the temperature and 
precipitation differences between summer and winter are considerably distinct. In 
1999，the average temperature in summer was 27°C and the monthly precipitation 






















































































































































was 17.6�C though extremes of less than 5.8°C have been recorded in December 
(Hong Kong Observatory, 1999). 
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Figure 3.2 Temperature and rainfall of Hong Kong in 1999 (Source: The Hong Kong 
Observatory, 1999). 
3.3.2.2 Compensatory Fishponds at Au Tau Interchange 
The construction of a highway, known as Route 3, linking Northwest New 
Territories with the city center resulted in the permanent loss of some fishponds of an 
area of 13.9ha which are important wetlands for migratory birds. To compensate for 
the loss, the EIA process required the project proponent to recreate a few other 
fishponds in the vicinity of the project as a compensatory measure. The recreated 
















































To determine the ecological function of the compensatory habitats, two of 
these compensatory ponds (named PI and P2) created in 1998 were studied and 
another four nearby ponds were used as controls (named CI, C2，C3 and C4). The 
controls were chosen based on the similarities of watershed size, hydrogeology and 
surrounding landscape with the re-created ponds. Additionally, the controls were 
selected for their proximity to the compensatory ponds and absence of human 
disturbance and alternation during the study period. 
3.3.2.3 Compensatory Mangrove at Main Drainage Channel 
Not far away from the Au Tau site are some river training works at Kam Tin 
(Figure 3.4). The purpose of this river training project, known as the Main Drainage 
Channel (MDC) works, is to widen, deepen, straighten, reline and partly concretize the 
original tidal river channel to alleviate flooding in the Northwest New Territories. 
Because the project would inflict upon 20.18 ha of inter-tidal mudflat and marsh and 
17 ha of mangrove，12.72 ha of compensatory mangrove were provided as a condition 
of the project. 
Our study focused on section 60CD of the Drainage Channel located at the 
confluence with Yuen Long River near Kam Tin. Established in September 1997，the 
re-created mangrove is 130m wide located on a concrete platform at an elevation of 
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Figure 3.4 Compensatory mangrove at Main Drainage Channel 
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1.2mPD, forming a total of 8.67 ha of recreated mangrove. The compensatory 
mangrove is constituted by a mix of Kandelia candel (50%), Aegiceras corniculatum 
(30%) and Acanthus ilicifoUus (20%). The mangrove species were mix-planted on the 
mud flats at 1 m center-to-center spacing. A. ilicifoUus was planted at the backshore, K. 
candel occupies the middle zone and K. candel and A. corniculatum dominant at the 
foreshore area. Sedges of Cyperus malaccensis and Paspalum vaginatum are also 
found abundantly among mangroves. 
3.3.2.4 Compensatory Mangrove at Kau Sai Chau 
The third study site is the re-created mangrove community on the Kau Sai 
Chau Island (KSC). This formerly uninhabited island was identified as the site for a 
158ha golf course project comprised of a 36-hole golfing facility，a clubhouse and a 
golf instruction academy. The project of such a scale necessitated the building of an 
impounding reservoir with a 140 m long dam to provide potable water supply for the 
golfers and irrigation water for the grasses. The EIA of the project predicted the loss of 
the mangrove community at the reservoir and proposed the re-establishment of 
mangrove communities downstream. A total of 11420 stands of Bruguiera 
gymnorrhiza, A. corniculatum and K. candel were planted in June 1995 to create 
totally 2 ha of compensatory mangrove. This was the first compensatory mangrove 
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community ever established in Hong Kong (Hyder Consulting Ltd., 1996). 
K. c a fide I was sowed manually on the seaward side of the mud flats in 
staggered rows at 0.5 m center-to-center spacing, while A. corniculatum and B. 
gymnorrhiza were planted at mid-tide to high-tide levels that are less frequently 
inundated by tides (Figure 3.5). 
3.3.3 Methods to Assess Ecological Functionality 
The compensatory fishponds at Au Tau was examined for its ecological 
functionality as evidenced by the visitation of birds because the area was an important 
roosting and foraging site for wetland dependent birds, particularly as a significant 
food source in winter season. This site is particularly important because the continuing 
loss of fishponds in the Deep Bay area is posing a threat on the local and migratory 
wetland bird population (Melville et al., 1994; Aspiuwall, 1997). In this study, we are 
going to look into how birds respond to compensatory wetlands and what factors 
influence their use by comparing with the control sites. 
At the MDC and KSC sites, the growth performance of the compensatory 
mangrove communities was examined in details focusing on the survival rate，growth 
abnormalities and the ability of the mangrove trees in producing viable seeds. To find 































































































































































































































































were taken for analysis. 
The information so obtained will shed light on whether or not the ecological 
functions were re-established. If the compensatory habitat cannot be established, there 
is little opportunity for the compensatory habitat to attain the original ecological 
functionality. 
Because the construction works of all three projects had already begun at the 
conception stage of this study, it was not possible to adopt a "before and after" 
approach. In other words, it was not possible to ascertain the growth conditions of the 
mangrove habitats inflicted upon before the project for comparison with that of the 
compensatory habitat provided after. Therefore, "control sites" were used as a 
reference. 
3.3.3.1 Bird Use of the Au Tau Compensatory Ponds 
Because wetlands are important roosting and foraging grounds for birds, the 
effectivness of the compensatory wetlands can be assessed by studying the bird 
population. Bird counts were undertaken in both dry and wet season at the six 
selected ponds in Au Tau. Two of these ponds (PI & P2) were re-created as part of the 
compensation package, and another 4 ponds, 1 abandoned (C3) and 3 actively 
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operating (CI, C2 & C4 ) � in the vicinity were regarded as "controls" for comparison 
with the re-created ponds. 
The 'Point Count' method was adopted in the study because the ponds are 
clearly defined (Bibby & Burgess，1992). Each of the ponds was visited for a total of 
12 times covering both the dry season (November _ February) and wet season (April -
August). 
At each study pond, the counting was done at two permanent vantage points. 
Birds that could be seen by use of lOX binoculars or heard during a 15-minute 
counting period were recorded. The sites were visited in rotation between 7:30 to 
10:00h to ensure that the counting was done at different times of the day. For any bird 
sighted，the activity and the habitual occupation were noted. The classification of 
species followed the taxonomical scheme and nomenclature proposed by Viney et al. 
(1994). To avoid double counting, only birds observed at the start of the sampling 
period were recorded, and additional counting was undertaken only if a greater 
number of individuals was observed at some time later in the sampling period. 
To differentiate the wetland inhabitants from the passers-by, bird species 
sighted were divided into three groups according to the classification scheme proposed 
by Viney (1994) and Leven (1998)，which is based on the bird's occurrence and 
feeding habits. The three groups are "Wetland-dependent", "Wetland-associated", and 
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"Non-wetland" birds. Wetland-dependent birds are mostly fish eating avian and feed 
solely in wetland. This group includes mainly ardeids, grebes, rails, cormorants and 
kingfishers. Wetland-associated birds would spend a significant period of time feeding 
in or close to wetlands while non-wetland birds can be totally independent from 
wetland although they may also be found in wetland. The detailed categorizations are 
shown in Table 3.2. 
3.3.3.2 Habitat and Vegetation Mapping 
Habitat characteristics in the study ponds were investigated in terms of the 
vegetation profile, pond size and distance from roads. Wetland areas were measured 
from 1:1000 large-scale basic maps from Map Publications Centre, Hong Kong. Using 
the same map, distances between the wetland center point and the roads were 
measured. Plant communities surrounding the ponds were identified by walkover 
study and the plant covers were visually estimated. 
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Table 3.2a Classification of birds 
Common Name Scientific Name 
Wetland-dependent Bird 
Black-capped Kingfisher Halcyoupileata 
Chinese Pond Heron Ardeola bacchus 
Common Kingfisher Alcedo atthis 
Cormorant Phalacrocorax carbo 
Grey Heron Ardea cinerea 
Little Egret Egretta garzetta 
Little Grebe Tachybaptus ruficollis 
Night Heron Nycticorax nycticorax 
White-breasted Waterhen Amaurornis phoenicurus 
White-breasted Kingfisher Halcyon smyrnemis 
Wetland-associated Bird 
Black-eared Kite Mhus lineatus 
Black-necked Starling Sturms mgricollis 
Black Drongo Dicrurus macrocercus 
Collard Crow Corvus torquatus 
Common Myna Acridotheres tristis 
Crested Myna Acridotheres chstatellus 
Fantail Warbler Cisticola juncidis 
Oriental Reed Warbler Acrocephalus ohentalis 
Plain Prinia Prinia inornata 
Red-throated Pipit Anthus cervinus 
Richard's Pipit Anthus richardi 
Silky Starling Sturnus sericeus 
White Wagtail Motacilla alba 
White-cheeked Starling Sturus cineraceus 
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Table 3.2b Classification of birds (Cont'd) 
Common Name Scientific Name 
Non-wetland Bird 
Brown Shrike Lanius chstatus 
Bam Swallow Hirundo rustica 
Chinese Bulbul Pycnonotus sinensis 
Chinese Bush Warbler Cettia canturiam 
Common Tailorbird Orthotomus sutorius 
Crested Bulbul Pycnonotus jocosus 
Dusky Warbler Phylloscopus fuscatus 
Japanese White Eye Zosterops japonica 
Jungle Crow Corvus macrorhynchus 
Magpie Pica pica 
Magpie Robin Copsychus saularis 
Olive-backed Pipit Anthus hodgsoni 
Red-vented Bulbul Phycnonotus aurigaster 
Rufous-backed Shrike Lanius schach 
Siberian Stonechat Saxicola torquata 
Spotted Dove Streptopelia chinensis 
Spotted Munia Lonchura punctulata 
Tree Sparrow Passer montanus 
White-backed Munia Lonchura striata 
Yellow-bellied Prinia Prinia flaviventris 
Yellow-browed Warbler Phylloscopus inornatus 
3.3.3.3 Statistical Analysis 
Unveiling the difference of bird use between compensatory and control 
fishponds could be achieved by the use of the Mann-Whitney U-test (Zar, 1996). This 
method is considered most appropriate in the analysis of bird count data because the 
variance and distribution is unknown. Bird use is expressed in terms of species density, 
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which is free of the pond size effect. Hence, Shannon Index and Shannon Evenness 
Index are calculated to represent the species richness and the distribution pattern 
respectively (Krebs, 1989). All statistical analyses were undertaken using the SPSS 
package and p<0.05 was taken as the significance cut off point. 
Shannon Diversity Index (H,) 
The Shannon diversity index falls usually between 1.5 and 3.5 and those 
exceed 4.5 are very rare (Krebs, 1989). It is computed from: 
H' = -S pi In pi 
Where pi, the proportional abundance of the ith species = (ni/N) 
Shannon Evenness (E) 
E is constrained between 0 and 1.0 with 1.0 representing a situation in which 
all species are equally abundant. As with H', this evenness measure assumes that all 
species in the community are accounted for in the sample. 
E = HVIn S 
Where S is the number of species. 
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3.3.4 Vegetation Performance and Soil Properties of Compensatory Mangroves 
3.3.4.1 Vegetation Sampling 
Vegetation surveys of the mangrove stands were undertaken from June to 
August 1999 at the MDC and KSC sites. Additional field observations were 
subsequently carried out from December 1999 to February 2000 to investigate how 
new mangrove colonies have established at the study sites. 
At each site，a total of three parallel transects were laid perpendicularly from 
the landward side to the seaward side. On each transect, 3m x 3m quadrats were fixed 
at 6 to 10m intervals (Snedaker and Snedaker, 1984) (Figure 3.6). Within the quadrat， 
the plant species and growth performance were identified and recorded. The height 
and the crown size^ of each mangrove tree were measured by measuring tape, and the 
stem basal diameter^ (SBD) by vernier caliper (Kent and Coker, 1995; Sutherland, 
1996). Any obvious symptoms of eco-physiological illness or diseases such as 
chlorosis, necrotic spots and restricted growth were noted. Incidences of sedges were 
noted and their ground coverage was visually estimated in 3m x 3m quadrat. The 
survival rates and density were calculated for each mangrove species (Tarn and Wong, 
6 Crown cover is estimated by measuring two diameters (major and minor axes) of the crown at right 
angle to one another, their mean is used to calculate the canopy cover by a formula: n (D1+D2 / 4)2， 
where D1 & D2 are the two axes. • ’ 
7 SBD is measured by taking average of the long and short axes of the stem if the stem is not in circle. If 
the plant grows in cluster form e.g. A. ilicifolius, or the stem forks sprout from a single base close to the 
ground, it is desirable to record the total number of stems per cluster and the basal diameter of each stem. 



















































































































































































































































































































Survival rates of mangroves at KSC were obtained from a count of survived 
plants with knowledge of the number of total mangroves planted. Because of the lack 
of replanting data at MDC, survival rates were derived from quardrat counts with 
known density instead of total counts. Hence, an overall survival rate rather than the 
rates for individual species are given. 
3.3.4.2 Statistical Analysis 
Differences of vegetation performance between sites in terms of mean height, 
basal diameter and crown cover were tested by Studentized Tukey t-test by one way 
ANOVA. In all statistical analyses undertaken, the SPSS package was used and the 
significance level was set at p<0.05. 
3.3.4.3 Soil Properties 
As described later in this paper, abnormally high mangrove death rates had 
been observed at certain spots particularly at KSC and further investigations were 
undertaken to ascertain whether this was related to the substratum soil conditions. A 
comprehensive soil sampling and analysis program was hence initiated. 
Sixty soil samples were randomly collected in transects respectively from the 
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MDC and KSC sites during low tide in July 1999. AH samples were taken at two 
depths, 2-10cm andl0-20cm, and sealed into the airtight containers, returned to the 
laboratory and kept in refrigerator at 4±1 until chemical analysis. Shells, detritus 
and plant tissues were first picked out meticulously from the samples before analysis. 
To retain the hydrophobic characteristics of soils, fresh soils were used instead of 
air-dried for the chemical analysis (Landon, 1991) except organic carbon^ and total 
KjeMahl nitrogen (TKN). The presence of significant amounts ofFe^^ in the wet soils 
may affect the results of organic carbon analysis and the strong lattice bonds in wet soil 
result in clumping preventing it from further reacting with H2SO4 in the TKN analysis 
(Bal，1935; Pages et al, 1982). Hence, dry soil samples are used. To obtain the 
required dry soil for analysis, the samples were air-dried at room temperature and 
passed through a 2mm sieve. A sub-sample of < 2mm soil was further sieved by using 
a 0.25mm sieve for the analysis of organic carbon. 
Soil Redox Potential 
Redox potential was measured in-situ by the use of digital electrodes 
(Digi-sense Digital pH/mV，C-P Model 5938). 
‘For the highly reduced mangrove soil, the amount of organic carbon may be overestimated if the soil 
contains significant amount of Fe . Therefore, air-drying the soil oxidizes Fe�— to Fe^^ and is 
necessary prior to analysis (Pages et al, 1982). 
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Soil Moisture 
The moisture content was determined by weight loss after drying the soil 
sample in a forced draft oven at 105°C for two contiguous nights. The moisture content 
were calculated as: (wet weight 一 dry weight)/ dry weight x 100%. 
Texture 
The particle fractionation of the fresh soil was determined by the hydrometer 
method (Bouyoucos, 1951). 
pH and Conductivity 
pH was measured at a soil: water ratio of 1:2.5 (w/v). The soil suspension was 
then shaken for 20 minutes and tested for pH, using an Orion expandable ion analyzer. 
The same extract was analyzed for conductivity, using an YSI 34 
conductance-resistance meter. Conductivity was corrected to the reference 
temperature of 25°C. 
Exchangeable K, Ca. Mg and Na 
Exchangeable K, Ca, Mg and Na were extracted with 1 M ammonium acetate 
at pH 7.0 while Fe and Mn at pH 4.0 (Page et al, 1982). Five grains of fresh soil was 
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shaken with ammonium acetate for one hour and filtered through Whatman 44 filter 
paper. The filtrates were then analyzed by the use of the Varian Spectro AA-200 
Atomic Absorption Spectrophotometer. 
Total Kieldalil Nitrogen (TKN) 
The Kjeldahl digestion method was used to determine total N content. One 
gram of 0.25mm air-dry soil was digested in sulfuric acid in a Tecator DS20 digester at 
370°C, using copper sulfate as the catalyst and potassium sulfate to raise the boiling 
point. The digest was steam-distilled in a Tecator Kjeltec 1026 distillation unit, by 
which free ammonia was liberated in the presence of excess alkali. The distillate was 
then collected in a receiver containing excess boric acid and back titrated with 0.0 IM 
hydrochloric acid. 
Available Nitrogen (Ammonium and Nitrate Nitrogen) 
Ammonium nitrogen and nitrate nitrogen were determined colorimetrically. 20 
grams of fresh soil were shaken with 2 M potassium chloride at a ratio of 1:10 (w/v) 
for one hour and filtered through Whatman 44 filter paper. The suspension was 
subsequently analyzed by Flow Injection Analysis (Tecator, 1984a, b). NH4-N and 
NO3-N were detected at wavelengths of 590nm and 540nm, respectively. 
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Available Phosphorus 
Available phosphorus was determined colorimetrically by Flow Injection 
Analysis (Tecator, 1984c). Ten grams of fresh soil was shaken mechanically with 
ammonium lactate solution at a ratio of 1:10 (w/v) for 90 minutes and immediately 
filtered through Whatman 44 filter paper. The filtrates were then used for the 
determination of available phosphorus by the phospho-molybdenum blue method. 
Absorbance was read at 690um. 
Organic Carbon 
Organic carbon was determined by the modified Walkley and Black wet 
oxidation method (1971). One gram <0.25mm soil was used. Potassium dichromate 
and concentrated sulfuric acid were added to oxidize the organic matter (Anderson and 
Ingram, 1989). Then the mixture was titrated with ferrous sulfate heptahydrate, using 
o-Phenanthroline-ferrous complex as indicator. Soil organic matter was estimated by 
multiplying the organic C content with a factor of 1.724 (Turpault et al, 1996). 
Carbon: Nitrogen Ratio 
Carbon: nitrogen ratio was obtained by dividing organic carbon by total 
Kjeldhal Nitrogen. 
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3.3.4.4 Statistical Analysis 
Between sites differences in soil properties were subjected to the Studentized 
Tukey t-test to differentiate the differences of soil characteristics between sites. In all 
statistical analyses undertaken, the SPSS package was used and a confidence limit of 
p<0.05 was taken as the lower limit of the significance cut off point. All data were 
expressed in terms of 105°C oven-dried weight. 
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CHAPTER 4 
CRITICAL REVIEW OF ECOLOGICAL STATEMENTS 
4.1 Introduction 
The thesis aims at studying whether or not and to what extent the EIA process 
can protect biodiversity in Hong Kong. The starting point is of course to assess how 
well can EIA avoid and minimize biodiversity losses. As indicated in Chapter 2, EIA is 
a process to inform decision-making and the effectiveness of this process hinges on the 
adequacy of information provided by EIA, the accuracy of the predictions made and 
the soundness of the recommended mitigation measure. 
This chapter focuses on the quality of the ecological components in EIA 
reports undertaken in Hong Kong according to a set of criteria formed with due regard 
to the TM of the EIAO and the findings of earlier review of Treweek and Thompson 
(1997) and Wamken and Buckley (1998). As indicated in Chapter 3, a total of 43 
reports were selected for this investigation. These reports were carefully examined in 
terms of adequacy of the baseline data, appropriateness of the prediction methods used, 
and the effectiveness of mitigation measures. 
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4.2 Nature of the Projects Reviewed 
In order to ensure that the reports selected are representative of the real 
situation in Hong Kong, the scale, nature and location of the projects covered by the 
EIAs were determined It was found that the EIA reports selected covered a wide 
spectrum of development activities (Table 4.1) taking place in a variety of location in 
Hong Kong (Table 4.2) and situated on many different land uses (Table 4.3) 
Table 4.1 Types of development 
Types No. % 
Roads/highways/railways 21 48.8 
Flood alleviation/ land drainage improvement 6 14.0 
Residential developments 3 7.0 
Recreational/ amenity facilities 3 7.0 
Mixed developments (urban, residential, industrial) 2 4.7 
Airport and related developments 2 4.7 
Ports and harbors 2 4.7 
Quarries/ barrow areas 2 4.7 
Power generation & transmission 2 4.7 
Pipelines 1 2.3 
The total types of development may be greater than the numbers of proposed projects as a 
proposed project may contain more than one type of development. 
Table 4.2 The geographical location of the developments 
Districts % 
Hong Kong Island 0 ^ 
Kowloon 4 9.3 
New Territories 31 72.1 
SWNT 6 14.0 
SENT 7 16.3 
NENT 5 11.6 
NWNT 13 30.2 
Lantau Island 8 18.6 
Other Islands 5 11.6 
Percentages of districts may be over 100% as a proposed project may build across 
two or more districts. 
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Table 4.3 Land use adjacent to the developments 
Land Use No. % 
Agriculture 24 55.8 
Sub-urban/ village 21 48.8 
Urban/ residential 19 44.2 
Industry 14 32.6 
Open Storage 9 20.9 
Marine/coastline 7 16.3 
Conservation Area 6 14.0 
Greenbelt 5 11.6 
Recreational/ amenity facilities 4 9.3 
Waste/derelict 4 9.3 
Power transmission utilities 3 7.0 
Reclamation 2 4.7 
Historical/ archeological sites 2 4.7 
Marin-culture 2 4.7 
Water treatment / drainage 1 ‘ 2.3 
Percentages of land use may be over 100% as there may be more than one type of land use 
adjacent to the developments 
It can be seen from the above tables that nearly half of the proposed projects 
are related to roads and rails. The next common ones are flood alleviation projects, and 
recreational facilities and residential developments proposed by the private sector. In 
the projects reviewed, the Government was the major proponent, accounting for 79% 
of the proposals. Most of the developments (>70%) took place in the New Territories, 
of which 30.2% were located in Northwest New Territories. It is worth to point out that 
about 18.6% of the projects were located on the Lantau Island as components of the 
New Airport core projects. 
Regarding the land use adjacent to the projects, over half of the proposed 
projects took place in arable lands, followed by sub-urban areas. Conservation areas 
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accounted for 14.0% of the projects reviewed. 
4.3 Quality of the Ecological Assessment 
4.3.1 Ecological Baseline Study 
Table 4.4 Quality of baseline data 
— -
Detailed field assessment 40 93.0 
Methodology of survey 
Not mentioned 15 34.9 
Very poor 6 14.0 
Poor 6 14.0 
Moderate 3 7.0 
Good 5 11.6 
Very good 8 18.6 
Sampling time specified for ecologically important 38 88.4 
habitats 
Not mentioned 2 9.1 
Seasonal variations of key biota covered 8 36.4 
Few months covered/ failing to cover critical seasons 7 31.8 
Only few days covered 5 22.7 
Number of Sampling sites specified 19 44.2 
Map of vegetation or habitat types provided 38 88.4 
A baseline survey can provide important information for the scoping of key 
issues and impact prediction. The quality of baseline study can hence directly affect 
the predictive ability of impact assessment. In general, only few proposals provided 
full description of assessment methodology, while most ecological baseline was either 
superficially studied or poorly described. Nevertheless, almost all the proposals 
conducted some field assessments (93.0%), the percentage of which was considerably 
higher than that of Britain (45.0%) (Thompson et aL, 1997). 
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Scoping and preliminary study are essential processes in identifying pertinent 
information for the study (Gray and John, 1999) and getting the assessment right at the 
start (Maitre, 1998) so that time and other resources can be effectively deployed 
(Beanlands and Duinker, 1984). For example, it is commonly acknowledged that it is 
worthwhile to devote more resources on significant impacts rather than on 
insignificant impacts. The review demonstrated that preliminary information of study 
sites were mostly derived from 'desktop studies', with a few from field studies. Of the 
projects reviewed, up to 81.4% undertook review of past records, documents and 
reports, but only half (50.0%) justified the choice of key issues for further study 
according to the field data collected. As a result, most of the scoping made cannot 
claim to have based on the most up-to-date and relevant information. 
Regarding the method of baseline study (Table 4.4), the survey methodology 
was not stated in 34.9% of the reports. In addition, the quality of baseline study was 
considered "poor" in 28.0% of proposals because they were not conducted in a 
systematic way. Many of them simply used what is commonly known as the walkover 
method covering only a small population and area. The sampling time was specified in 
88.4% of the proposals, but over half (54.5%) covered only a few days or few months 
even for the habitats of ecological importance. The short sampling time may result 


























































































































































































































































































































































































































































































































































































































































































































































This review has also revealed that the baseline study tended to focus on the 
easily sampled and conspicuous groups such as plants and birds, for which the 
abundance or species number was provided (Table 4.5). Conversely, the data on 
mobile and seasonal dependent species, such as invertebrates and amphibian, were 
generally lacking. Many EIA reports provided only the dominant species or a list of 
species, rather than the number. 
It is also evident from the reports that the information covers largely the 
habitats of flora and fauna, but not higher order ecological attributes such as species 
diversity, community structures and ecological functions. Among the various groups, 
plants and birds are most abundant, of which the growth performance of plants and 
activities of birds have been indicated in 35.5% and 34.5% of the reports respectively. 
Furthermore, environmental factors that determine the distribution of species such as 
physical and chemical characteristics of soil, hydrology, plant and animals were often 
omitted in the assessment. Only 16.3% of the reports covered the biophysical 
components in relation to soil properties and water quality. 
4.3.2 Impact Predictions 
Impact prediction is regarded as the ‘heart，of impact assessment, but it is the 
weakest part in existing EIA process. The review reveals that most predictions made in 
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the EIA reports are imprecise and vague. Usually, they are expressed in verbal 
descriptions couched in ambiguous tones such as "likely", "would" and "probably", 
with little attempt to quantify the predictions. Of the EIA reports reviewed’ only 9.3% 
provided quantified assessment based on model simulation. However, it has not 
possible for this study to ascertain the accuracy of the predictions made because of the 
time constraint and the untestability of many of the predictions in the reports being 
reviewed. 
Table 4.6 Types of habitats directly and indirectly affected 
No. % 
Woodland "“ ‘ ~ 
Secondary woodland 24 55.8 
Plantation 13 30 2 
Fungshui wood 5 11.6 
Individual tree 2 4.7 
Scrubland 19 4 4 2 
Grassland 17 3 9 5 
Agricultural land 18 41.9 
Horticulture or orchard 4 9 3 
Derelict 1] 25.6 
Developed area 7 16.3 
Wetlands/watercourse 
Stream 15 3 4 9 
Fishpond 13 30 2 
Mangrove 10 23.3 
Freshwater wetland g 
Marsh 8 18.6 
River 3 7.0 
Coastal / Marine 
Coastal / intertidal / estuary 12 27 9 
Seabed /sublittoral 8 jg ^ 
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Table 4.7 Types of direct impact 
Direct Impacts No. % 
Loss of habitat 43 lOO.O 
Loss of species 24 55.8 
Water pollution 22 51.2 
Habitat disturbance 19 44.2 
Sediment dispersion 16 37.2 
Loss of breeding/nursery grounds 14 32.6 
Species disturbance 13 30.2 
Noise disturbance 13 30.2 
Population decline 10 23.3 
Air pollution 8 18.6 
Species composition altered 7 16.3 
Pollution of surface run-off 7 16.3 
Diversity decline 5 11.6 
Table 4.8 Types of indirect impact 
Indirect Impacts No. % 
Loss of feeding grounds ^ s \ 2 
Habitat fragmentation 15 34.9 
Change of hydrological regime 8 18.6 
Fire disturbance 7 16.3 
Habitat deterioration 6 14.0 
Disruption of wildlife corridors 4 9.3 
Off-site disturbance 3 7.0 
Invasion of exotic species 2 4.7 
Table 4.9 Impact predictions 
~ ~ % 
Description of prediction methodology 17 
Area of direct habitat loss specified 29 67.4 
Area of indirect habitat loss specified 7 16.3 
Cumulative impacts assessed 23 53.5 
Uncertainty of predictions acknowledged 3 7.0 
Among those affected habitats, terrestrial habitats such as secondary woodland, 
scrubland and agricultural land were the most common habitats inflicted directly or 
indirectly, representing 55.8%, 44.2% and 41.9% of the reports reviewed respectively 
(Table 4.6). 
61 
There are also indications that the predictions are quite broad rather than 
focusing on the sensitive receivers or the biological process. For examples, in some 
reports, species loss was predicted but neither the extent of loss nor the type of affected 
species was specified. Although most reports addressed habitat and species losses, 
very few focused on impacts on species diversity, population and compositional 
changes, representing only in 11.6%, 23.3% and 16.3% respectively of the projects 
(Table 4.7). 
Sometimes, detrimental ecological consequences are often downplayed by the 
project consultants. Disruption of wildlife corridors and exotic species invasion may 
lead to species compositional changes (Treweek et al, 1993) and even local extinction 
(Spellerberg, 1992). Some impacts may have "knock-off effects such as a change of 
hydrological regime, by which the impacts of a large magnitude may appear after a 
long period of time. Despite of the concern expressed by ecologists for decades, most 
EIA reports failed to mention disruption of wildlife corridors (9.3%), species invasion 
(4.7%) and change of hydrological regime (18.6%) (Table 4.8). 
Cumulative impacts have also not been adequately assessed. Only half (53.5%) 
of EIA reports reviewed this issue (Table 4.9). For those which did, general statements 
on the magnitude and nature of potential impacts were made, or a list of concurrent 
and planned projects tabulated. 
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Uncertainty of the prediction was rarely stated. Only 7.0% of the projects 
provided brief statements on the uncertainty due to the assessment methodology, 
ecosystem complexities and temporal inadequacy of the baseline ecological survey. 
However, the confidence level or probability of prediction accuracy was not given in 
any of the EIA reports reviewed. 
4.3.3 Mitigation 
Table 4.10 Methods of mitigation measures proposed 
Avoidance No. % 
Consideration of alternatives 20 46.5 
Scheduling of works to avoid sensitive times of the year 13 30.2 
Relocation/realignment to avoid ecological sensitive areas 12 21.9 
Restricted/controlled access (fencing off/ erecting buffer 10 23.3 
zone) 
Adoption the option of least ecological impacts 2 4.7 
Adoption ‘no-build，option ] 2.3 
Habitats restoration/replacement 
Woodland 19 44 2 
Freshwater wetland 6 \A 0 
Shoreline, seabed 2 4.7 
Stream . 2 4 7 
Mangroves/ marsh \ 2.3 
Habitat compensation/ creation 
Freshwater wetland iq 23.3 
Woodland 7 1^3 
Mangrove/ marsh 4 9 3 
Shoreline, seabed 1 2 3 
Dry habitat \ 2 3 
Stream j 2 3 
Habitat/ Wildlife Enhancement 
Freshwater wetland 2 4 7 
Mangrove/ marsh 2 4 7 
Wildlife restocking 1 2.3 
Woodland 1 2 3 
Acknowledging the need for further study 4 9.3 
63 
Table 4.11 Quality of mitigation plans for habitat restoration, recreation 
and enhancement 
No. % 
Description of proposed measures given ^ ‘ ^ ^ 
Detailed prescription of measures given 9 34 
Degree of effectiveness of measures addressed 4 15 4» 
Responsible authorities and terms of references 14 538* 
specified ‘ 
Date of commencing mitigation specified g 30 8* 
Residual impacts addressed 17 3 9 5 
氺 Sign: percentages are calculated with reference to the number of projects having 
restoration plan 
Table 4.12 Habitat gain/ loss after restoration and compensation 
Permanent loss (ha) Compensated (ha) Net gain/loss 
Woodland/shrubland 142.05 (83.57) 
Plantation 64.88 
Secondary woodland 45.20 
Shrubland si.71 
Fungshui wood 0.263 
Individual tree (no.) 657 2757 2100 
Dryland 373.86 6.59 (367.27) 
Agricultural land 207.54 
Grassland 163.30 
Horticulture/ orchard 3.02 
Derelict 45.55 (45.55) 
Developed area 39.24 (39.24) 
Wetland/ Water course 
Freshwater wetland ]79.3I ,102.29 (57.62) 
River 36.66 • (36:66) 
Mangrove 27.75 25.82 4.67 
Marsh 9.80 - (9.80) 
Stream (km) 3.00 . (3 00) 
Coastal/ intertidal 22.29 - (22.29) 
Seabed/sub-littoral 317.26 7.4 (309.86) 
Table includes only reports specifying the area of habitat loss 
The blanketed data represent habitat net loss 
Like EIA studies undertaken overseas, the mitigation measures .proposed 
include avoidance, minimization, and habitat restoration and compensation (Table 
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4.10). However, it is observed that many of the measures proposed in the EIA reports 
were reliant on mitigating the habitat loss rather than preventing the problem. 
Avoidance measures include the deliberate retention of ecologically valuable 
or sensitive areas or the avoidance of disturbance on habitats or species (Treweek and 
Thompson, 1997). It is the general feeling after the review that many studies were 
poorly scoped and the rationale of site selection rarely justified. Alternatives were 
considered only in 46.5% of the reports reviewed, but only very few adopted the 
‘no-build, or least damaging options，making up 2.3% and 4.7% of the projects 
respectively. Only one project gave up development to conserve rare and locally 
restricted dragonflies and butterflies, another two projects chose the options with the 
least ecological impact. Fortunately，all proposals with known direct impacts on 
nearby conservation areas did actively consider the avoidance. 
In some cases, proposals may bring about high ecological impacts. For 
example, the proposed Aviation Fuel Receiving Facility at Sha Chau was predicted to 
affect the feeding and roosting grounds of the endangered Chinese White Dolphin. It 
was regarded as the most ecological by damaging option amongst the many 
alternatives (Environmental Resources Management, 1995). This option was made on 
the grounds of technical feasibility and time constraint. 
Despite the scientific literature abounds with suspicion on the effectiveness of 
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wetland replacement as a compensatory measure (Treweek, 1995; Torok et al, 1996)， 
habitat compensation is still the favored mitigation method. Many were proposed to 
compensate for losses in ecologically important habitats such as freshwater wetlands 
(23.3%) and mangroves (9.3%). 
It is generally acknowledged that no habitat compensatory program can 
succeed without a detailed mitigation plan and this is particularly important for the 
habitat compensation. However, the review (Table 4.11) showed that only 60,5% of 
the reports described the mitigation plans, and 34.6% went into details such as the 
planting mix and site formation. Moreover, only 15.4% attempted to indicate the likely 
success of proposed measures, based either on the practical experiences elsewhere or 
the literature. 
According to the TM of the EIAO，ecological compensation can be in terms of 
area or function. Of the habitats compensated m . assessment，few followed the 
‘no-net-loss，principle in terms of area, as evidenced by only three reports (21.4%) 
which proposed to make up habitat loss at a ratio equal to, or higher than, 1:1. 
Ecologically important habitats such as freshwater wetland and woodland suffered 
from considerable loss after restoration or compensation (Table 4.12). 
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4.3.4 Environmental Monitoring and Auditing 
Table 4.13 Components of EM&A 
No. % 
EM&A prescribed ^ ^ 
Methodologies of EM&A described 17 39.5 
DetaiJed methodology given 9 20.9 
Frequency of monitoring specified 15 34 9 
Duration of monitoring specified 12 27.9 
Control sites adopted 6 14.0 
EM&A，a process essential to ascertain the mitigation success, was given little 
attention in ecological assessment. Of the proposals reviewed, 58.1% suggested some 
form of EM&A, of which 39.5% prescribed the methodologies of monitoring but only 
20.9% described the program in details. Nevertheless, the parameters used in 
monitoring were generally adequate with sufficient regards to the predicted impacts. 
Whether the compensated habitats can function satisfactorily can only be ascertained 
by reference to control sites. However, only 14.0% of projects managed to suggest 
using control sites to ascertain environmental changes. 
4.3.5 Differences in Ecological Statements before and after EIAO 
The EIAO was implemented in Hong Kong on April, 1998. Since then, EIA 
studies were guided by the TM of the Ordinance. It has been found in the current 
review that after implementation of the Ordinance, the time devoted to baseline study 
has generally lengthened, methodologies for ecological impact evaluation more 
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clearly spelled out, and the responsibilities more clearly stipulated. 
In the study, 30 reports approved before the EIAO and 13 reports approved 
after the Ordinance were further analyzed, representing 20.1% and 34.2% of the total 
respectively. 
Before implementation of the EIAO, only 30.0% of the reports undertook 
baseline study covering different seasons, this figure climbed up to 46.2% after 
implementation of the Ordinance. Likewise, the number of proposals with baseline 
survey covering only few-day dropped from 30.0% before 1998 to 8.3% after. 
Furthermore, there has been some significant improvement in the evaluation of 
the ecological significance of impacts in the report. In the past, only 30.0% of reports 
detailed the methods of impact prediction, such as the use of modeling and checklist. 
After implementation of the EIAO, 69.2% of the proposals elaborated on the potential 
impacts in terms of magnitude, extent and duration according to the criteria and 
procedures prescribed in the TM. Moreover, 66.7% of proposals after the operation of 
Ordinance mentioned the residual impacts, whereas only 30.0% of proposals did that 
previously. 
The role of different parties and their responsibilities of mitigation were better 
defined and specified after implementation of the EIAO. After 1998，75.0% of 
proposals reviewed provided information on agencies and their responsibilities with 
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regard to the implementation of mitigation proposed whilst the corresponding figure 
before implementation of the EIAO was only 44.4%. 
4.4 Discussion 
Apart from the conspicuous improvement in some areas of ecological 
assessment after implementation of EIAO, a number of shortcomings are still evident. 
The findings revealed that most ecological statements reviewed were inadequate and 
far from being satisfactory. 
Notwithstanding the improvements observed after 1998，certain shortcomings 
are still ingrained in the EIA process and they have undermined the effectiveness of 
the EcIA. The current review has indicated that ecological baselines were inadequate, 
predictions unfocused, mitigation aiming at compensation/minimization rather than 
prevention. Furthermore, post-decision monitoring was either omitted or not carefully 
thought-out. 
4.4.1 Ecological Baseline Study and Scoping 
It has been highlighted in section 4.3 that the baseline study method and the 
quality of data obtained from assessment are generally far from being satisfactory. 
About 50% of the reports collected the background and baseline information about the 
69 
area by literature review and desktop studies. Baseline surveys were generally 
inadequate and some ecological surveys covered too short a time and too small an area. 
Three reasons can be advanced to account for such a phenomenon. 
Most important of all, the budget allocated for EIA in general and ecological 
assessment in particular is inadequate. The current practice of awarding the EIA 
contract to the lowest bidder may not always result in contract award to the consultant 
with the best ability and expertise. Many a time, the ecological assessment is 
conducted by consultants outside their field of knowledge (Corlett，1997). Lastly, the 
system suffers from the "Time is money" mentality which gives little attention to 
quality, comprehensiveness and detail. Many consultants will try their best to complete 
a project as soon as possible rather than to spend time on options and alternatives. The 
current review indicated that most ecological surveys were completed in two to three 
months. Even after the implementation of the EIAO,. the baseline study covering on 
different seasons for significant biota and habitats has only been found in 46.2% of the 
reports reviewed. 
As said earlier in this Chapter, an inadequate baseline survey can bring 
undesirable consequences to the EIA process. Not only will important habitats and 
species be overlooked; the accuracy of prediction will also suffer. Moreover, if the data 
generated by such methods are irreproducible, inadequate and incomplete, the 
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"baseline" so obtained will not form a good basis for future environmental monitoring 
when the project is implemented. 
The review also points out that most of the baseline studies focus selectively on 
the easily sampled and the more conspicuous groups. In addition to time and budget 
constraints, there are also two other reasons. Firstly, the lack of attention for fauna and 
the less conspicuous taxonomic groups is limited by the knowledge and expertise of 
the surveyors. Vegetation surveys can be undertaken quickly and relatively easily, as 
plants are static. Besides, there is a great deal more knowledge concerning vegetation 
survey methodology and the interpretation of plant survey results (Thompson et al, 
1997). Bird study is relatively more difficult, but is not as difficult as the survey of 
seasonal invertebrates which are highly mobile and difficult to locate. 
Secondly, some proponents think that they have fulfilled the requirements of 
EIAO by simply restoring as much green cover as possible, without paying attention to 
what biotic components are in the restored habitat. Ecological damages that are not 
visible and obvious, such as species losses, habitat degradation or disruption to the 
animal's living, breeding and feeding grounds are not matters of their concern. 
4.4.2 Impact Predictions 
Prediction is the most important component in the EIA process to determine 
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acceptability of the impacts, formulation of mitigation strategies and ultimately 
whether a project should proceed. To be useful, the prediction should best be 
expressed in quantitative terms and qualified by the significance of impact and 
probability of its occurrence (Culhane, 1987). However, the current study revealed that 
many of the predictions regarding ecological impacts made in the Hong Kong EIA 
reports are often qualitative, board-brushed and imprecise. It is noteworthy to point out 
that vagueness and ambiguous predictions may preclude decision makers from making 
conclusive judgment on acceptability of the project and ways to mitigate the impacts. 
The vague predictions of course are not necessarily a reflection on the reluctance or 
inability of those who prepare the ecological statements, but rather the combined result 
of the complexity of ecological systems, the lack of knowledge and the absence of 
appropriate prediction methodologies. 
4.4.3 Environmental Mitigation and Monitoring 
No matter how well the baseline study and impact prediction are undertaken, 
an EcIA could not be regarded effective if the ecological considerations are not 
incorporated into the project planning process. However, this study reveals that the 
ecological significance has not been accorded with the same importance as technical 
and economic factors in the selection of sites or alignments. 
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Many of the problems noted above can be ascribed to the relationship between 
the proponent and the environmental consultant who prepares the EIA report. At the 
moment, the project proponent is not obliged to engage an independent consultant, in 
some cases the ecological consultant can be a subsidiary to the contractor's company 
(Wong, personal communication, 2000). Such an employee-employer relationship can 
create problems of partiality. It can also place ecologists under undue pressure to 
downplay the severity of some adverse ecological impacts that have occurred. The 
same undue influence from the proponent can also occur at the EIA study stage when 
the ‘No-action，alternative is not frequently recommended because consultants will 
queer their pitch with the client for fear that they will never be employed again. 
It has been acknowledged that the best mitigation is avoidance of the impact in 
the first place (Bagri et al, 1998). Compensation is known as the least preferred 
alternative because it is impossible to tell whether an equivalent area or wildlife value 
could be fully replaced after the destruction (Treweek and Thompson, 1997). 
Notwithstanding, habitat compensation has prevailed over other means of mitigation 
in replacing important habitats lost as a result of development. Treweek and others 
(1993) have commented, based on the experience of Britain, many mitigation 
measures are mere ’cosmetic, measures, such as compensatory tree replanting, which 
serve more to alleviate aesthetic impacts than to restore ecological functionality. The 
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same can be said about Hong Kong too. 
As said earlier in this chapter, the baseline study is profoundly insufficient and 
prediction is imprecise, the former is hindered by the ecological complexities and the 
latter by poor methodology and predictive ability. EM&A has been regarded as a 
safeguard of the EIA process, capable of making up the inherent inadequacies and 
deficiencies in the baseline study and impact prediction processes. EM&A is also 
crucial in ascertaining the success or otherwise of the mitigation measures proposed in 
the EcIA. However, there are grounds to suspect the effectiveness of the EM&A 
program and reliability of the data so obtained. Firstly, it has been pointed out in the 
above sections that not all EIA studies have instituted EM&A programs. Slightly more 
than half (58.1%) of the reports have suggested some forms of EM&A, but only 20.9% 
have given details. In addition, differences in method of data collection in the 
pre-impact and construction phases make any comp^ison and decision of initiating 
remedial action difficult. 
Notwithstanding the above criticisms of the EcIA process in Hong Kong, it 
should be acknowledged that each project is unique and it is difficult to generalize 
from the reports selected for the review. Furthermore, one should also recognize that 
our understanding of ecological systems and ability to predict ecological impacts are 
still limited. However, there is also evidence to show that utilitarianism and 
74 
irresponsibility have also contributed to the deficiencies that have been observed. 
These deficiencies do merit our attention and action, lest the gradual loss of valuable 
habitats and biodiversity may ultimately lead to irreversible and irreplaceable damages 
that can never be remedied. What have been reviewed in this chapter are the 
assessments, predictions and recommendation made in the EIA reports. Whether or 
not the recommendations are appropriate and effective is another issue that will be 
addressed in the next chapter. 
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CHAPTER 5 
PROMISES AND REALITIES OF 
ECOLOGICAL COMPENSATORY SCHEMES 
5.1 Introduction 
EIA has been widely used as a tool to avoid, minimize and mitigate the 
environmental impacts arising from infrastructure projects. If the impacts cannot be 
avoided and/or mitigated, there are legal or administrative requirements in some 
countries that compensation is provided. This is particularly true with regards to 
ecological resources. Where ecological compensation is warranted, it is often provided 
on a "no-net-loss" basis either in terms of area or functionality (Department of Urban 
Affairs and Planning, 1995; Biodiveristy Convention Office, 1996). 
Hong Kong had adopted the ecological compensation policy even before the 
EIAO came into force in 1998. In the few years preceding the enactment of the 
Ordinance, ecological compensation was stipulated as an executive directive. While it 
was indicated that the compensatory habitat could be provided "off-site", there was no 
explicit stipulation that the compensation had to be provided on a "no-net-loss" basis. 
In the pre-EIAO days, the compensation was provided on an "area for area" basis 
assuming that the compensatory habitat could provide the same ecological function as 
the one lost. It was on the assumption that the compensatory habitats will have the 
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same ecological function as the habitat inflicted upon that many of the EIA reports 
were endorsed. 
This chapter examines whether or not there is discrepancy between the 
functionality of the compensatory habitats and the lost one. To achieve this objective, 
the study has selected three infrastructure projects in Hong Kong which had significant 
ecological impacts and for which compensatory habitats had been provided. These 
projects inflicted on riverine and coastal mangroves and fishponds, all of which are 
important wetlands in Hong Kong. As detailed in Chapter 3，this study attempts to 
ascertain the ecological functionality of these compensatory habitats by examining the 
plants growth conditions on the recreated mangrove and the bird use of compensatory 
fishponds. 
5.2 Mangrove Communities at KSC and MDC. 
5.2.1 Vegetation Performance 
Evaluation of the success or failure of the restoration programs should begin 
with a conceptualization of the criteria for measuring "success". These criteria should 
comprise of both the physical and biological features of the mangrove system being 
considered (Kaly and Jones, 1998). In this study, these criteria include survival rates, 
growth performance, natural regeneration ability and presence of competitors. Growth 
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performance can be measured in terms of plant height, stem basal diameter and crown 
size, as well some physiological conditions and symptoms. 
On the whole, the re-created mangrove community at MDC has measured 
rather favorably to that at KSC against most of the performance indices (Table 5.1). 
Although the mangrove plantation at KSC is over 4 years old while that of MDC only 
two, the mangrove species A. corniculatum and K. candel at MDC generally 
outperformed their counterparts at KSC in terms of height, stem basal diameter and 
crown size. The average height of K. candel at KSC is about 54cm tall as compared to 
72.5 cm at MDC. The difference is more pronounced among A. corniculatum whose 
height at KSC is only about one third of that at MDC. As mentioned, A. cornculatum 
have been planted at MDC for only two years, but its height is comparable to that of 
natural mature mangroves at Fujian, China (50-120cm) (Lin and Wei, 1983). There are 
also significant differences in crown cover between KSC and MDC. 
Probably as a result of the differences in the density of replanting, the density 
of K. candel at KSC is much higher than that of MDC with average figures at 
3.22-4.47 plants/m^ and 1.06 plants/m^ respectively. At the MDC site, because the 
mangrove stands are relatively sparser, sedges such as Cyprus malaccensis and 




















































































































































































































































































































































































































































































































































































































































































































The overall survival rate of K. candel, A. corniculatum and A. ilicifolius at MDC is 
60.75%. At KSC, the survival rates of K. candel and B. gymnorrhiza are 67% and 
56.87%, respectively. However, only about 10% of A. corniculatum was found still 
surviving at KSC at the end of the survey period (Table 5.2). 
Table 5.2 The survival rates of different mangrove species 
Kau Sai Chau Main Drainage Channel 
Planted Observed Survival Planted Observed Survival 
(%) (%) rates (%) (%) (%) rates (%) 
K- ccmdel 74.07 87.17 67.00 50.00 47.14 ND 
A. corniculatum 17.55 2.65 10.25 30.00 36.86 ND 
B, gymnorrhiza 8.37 9.83 56.87 - . . 
A. .ilicifolius - - - 20.00 16.0 ND 
Total 100 100 44.71 100 100 60.75 
ND: Not determined. 
A close examination of the A. corniculatum in the field at KSC revealed that 
this species exhibited abnormal blooming, displaying serious fungal infection 
(72.13%)，insect herbivory (22.95%) and chlorosis (18.03%). Other signs of poor 
growth include very few leaves, stunted growth and abundance of dead plants (Table 
5.3). During summer, flowering was noted in all mangrove species with the exception 
of A. corniculatum. 
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Table 5.3 Signs of poor growth of Aegiceras corniculatum at KSC 
Growth Status ^ 
Fungal infection 72.13 
Insect herbivory 22.95 
Chlorosis 18.03 
Stunted growth 7.38 
Few leafs 5.74 
Normal growth 3.28 
Dead 3.28 
In summary, the mangrove community at MDC, despite being younger, grows 
much better than those at KSC. The growth of A. corniculatum on KSC is particularly 
problematic. In order to reveal the root of problem, the study has looked into the 
properties of the soil substratum to determine if the poor growth is soil related. 
5.2.2 Soil Properties 
Results of soil analysis (Table 5.4) show that the physical and chemical soil 
properties at these two sites are not the same, reflecting probably differences in the 
physical setting (tidal riverine vs marine). Comparison of the two sites indicates that 
the soil at KSC is not only higher in pH and salinity, but also lower in organic matters 
and nutrients (e.g. phosphate and nitrate). 
The available phosphate level at MDC (4.09-8.32mg/100gm) is comparable to， 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































discharge points (1.66-1.94mg/100gm, Wong et al, 1995). The high level of 
phosphate presumably comes from the substrate, which was imported from Futian. 
China (8.34 mg/lOOgm, Tarn and Wong, 1996). The availability of phosphate at MDC 
was probably enhanced by the slightly acidic condition. Its clayey soil texture is 
known to have a greater affinity for adsorbing P (Hutchings and Saenger, 1987). In 
contrast, most of the phosphorus at the KSC site might have been fixed by free calcium 
to form insoluble salts under an alkaline condition hence significantly reducing its 
availability (Brady and Nyle, 1990). 
The organic matter concentrations at both sites (MDC = 2.85-3%, KSC = 
1.23-1.42%) are markedly lower than other mangrove soils in Hong Kong 
(5.46-8.78%, Tarn and Wong, 1997)，Shenzhen，China (0.4-4.5%, Tarn et al, 1995), 
Malaysia (6.3-10.7%, Othman, 1995) and Thailand (7-8%, Frith et al, 1976). Organic 
matter is mainly derived from the mangrove litter and decomposition and the lower 
level of organic matter is probably a reflection of newly reclaimed land. 
Total N concentrations at both sites (MDC = 0.1-0.12%, KSC = 0.05%) fell 
within the range of other mangroves at the same geographical region (0.05-0.17%, 
Tarn and Wong, 1995; Maxwell et al,199% whereas NO3-N (MDC = 
0.09-0.1 Img/lOOgm, KSC = 0.03mg/100gm) and NH4-N (MDC = 0.84-1 .Img/lOOgm, 
KSC = 0.33-0.87mg/100gm) are comparatively lower than those of other mangroves 
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in Hong Kong and Southeast China regions (NO3-N, 0.2-0.6mg/100gm; NH4-N, 
3.2-6.8 mg/lOOgm, Tarn and Wong 1995, 1997). Like soil organic matter, the 
impoverished inorganic nitrogen can partly be attributed to the fact that the soils are 
newly reclaimed where litter accumulation and nutrient recycling system have not yet 
been fully triggered. In general, the concentrations of organic matter, inorganic 
nitrogen and total N are higher at MDC than at KSC. 
Apart from the nutrients, salinity is critical to mangrove growth. The poor 
performance of A. corniculatum can be attributed to its relatively sensitivity to salinity. 
This species is usually restricted in less saline habitats (Maxwell, 1997; Field, 1996; 
Hutchings and Saenger，1987; Ball, 1988) such as river swamps (Clarke and Hannon, 
1969). It normally grows at levels between 7-14 ppt and displays slow growth at 20ppt 
(Field, 1996). However, the soil salinity at KSC is about 36ppt. Mangrove swamp is 
particularly saline during dry season (Ball, 1988; Maxwell et al., 1999). Therefore, 
high soil salinity presumably is the crucial factor attributable to the poor growth of A. 
corniculatum at KSC. 
In short, it appears that lower nutrient contents of soil at KSC are one of 
factors attributing to slower growth of vegetation. Salinity is probably the crucial 
factor contributing to the poor growth of A. corniculatum at KSC. 
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5.2.3 Discussion of the Overall Performance 
Three questions arose from a cursory reading of the above findings - whether 
the vegetation performance is satisfactory, why are there significant differences in 
performance between the two sites, and finally whether compensatory habitats are 
same as the lost habitats in terms of ecological function. 
The first question hinges on how we define "success" in mangrove restoration 
programs. In Florida USA, a restoration program is deemed successful if a survival 
rate of 80% or more is attained at the end of two years (Field, 1996). 
In the present study, the overall survival rate of mangroves at MDC is over 
60%. This can be considered marginally acceptable. However, at the KSC site, whilst 
the overall rate is about the same (B. gymnorrhiza and K. candel being 67% and 57% 
respectively) and hence also marginally acceptable, the survival rate of A. 
corniculatum particularly poor (-10%). We have ascribed the poor survival rate to soil 
salinity. 
In addition to using the survival rate as an indicator, there is widespread feeling 
in the scientific community that “success，，cannot be gauged by numerical indicators 
alone, one should also give due attention to other aspects, such as the regenerative 
ability, the colonization and dynamics of wildlife and aquatic animals. 
Signs of natural recruitment and self-reproduction of mangroves are useM 
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indicators of the vitality of a restoration program. A self-sustaining mangrove 
community can maintain the ecosystem structure and functions on its own without 
external management efforts, and is the most important goal of any mangrove 
restoration program (Kaly and Jones, 1998). A considerable amount of K. candel 
saplings have been observed at the upper lagoon of KSC, probably originated from 
nearby mature mangroves and floated to the site through spillways (Hyder Consulting 
Ltd” 1996). However, no newly produced seedling was observed under the mangrove 
canopy in my autumn survey, indicating that the mangroves at KSC have not yet 
acquired the ability of self-reproduction. Conversely at MDC, there have been 
sightings of a significant number of naturally recruited seedlings of K. candel, A. 
UicifoUus and A. corniculatum under the canopy, indicating that natural reproduction 
has occurred and a self-maintaining mangrove community has been established. 
The second question relates to the differences between sites. A number of 
factors can be advanced to account for the observed discrepancies, including the soil 
substratum properties, the location differences, and the density and mixture of the 
replanting scheme. 
In terms of soils, it has been mentioned in the preceding sections that the soil 
substratum at MDC is more clayey and fertile. Accordingly, MDC provides a better 
setting for mangroves to thrive. 
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The location of the mangrove community also matters. The MDC mangroves 
are located on the sides of a river channel, whereas those at KSC on the lagoon of a 
coastal side. The latter is subject to more rapid fluctuations in the physical 
environment such as salinity, flooding and nutrient levels which can cause plant stress, 
weaken biotic functions and render mangrove stands more susceptible to insect and 
fungal attacks (Havanond et al, 1996; Tong, 1998). Serious insect herbivory can in 
turn suppresses growth, reproductive performance and survival of seedlings (Lee, 
1991; Tong, 1998). It may explain the high percentage of A. corniculatum foliage 
infection at KSC. 
The density of plantation is also a significant determinant of the success or 
otherwise of an ecological restoration programs. The better mangrove growth 
performance observed at MDC might be partly contributed by the less dense and 
mixed plantation. The planting density at KSC is twice of that at MDC. It is known 
that dense planting result in slower growth due to competition (Field, 1996)，whereas 
less dense planting of woody species interspersed with herbaceous species allows for 
greater natural colonization, thus increases plant diversity, spatial heterogeneity and 
potentially wildlife diversity (Renda and Rodgers，1995). Furthermore, the mixed 
planting at MDC is more favorable to plant growth than the monoculture at KSC. 
Studies indicate that mixed plantations have better performance and survival rates, and 
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are less susceptible to insect infestation than monoculture (Field, 1996). It is probably 
that mixed-culture can prevent pests proliferation in plantation and competition for 
nutrients within same species (Des et al, 1997). 
The third question is whether the recreated mangrove can potentially attain the 
same functionality as the one lost. The main objective of the compensatory program is 
to re-establish mangrove stands and to attain the functionality of the one inflicted upon. 
The findings presented to this point revealed that the mangrove at MDC outperforms 
that of KSC in terms of growth performance and survival rate. I have also observed 
that the mangrove at MDC produced their offspring by themselves, implying that the 
mangrove community could be self-sustaining. 
However, some actions must be taken to foster the performance of the MDC 
mangrove. The vegetation performance at the MDC site could be further enhanced by 
weeding and debris cleaning because these foreign matters can become threats to the 
mangrove community. The booming of sedges, Phragmites communis and Cyperus 
malaccensis, at MDC can also compete with the mangroves for living space and light 
particularly during the wet season. The seedlings of A. ilicifoUus are in particular most 
vulnerable because it is shade-intolerant (Chapman, 1975). 
I have also observed that large amount of floating debris have been brought 
down by the river from upstream sources (Plate 5.1). The floating debris becomes 
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easily entangled with the seedlings and propagates, sometimes causing mortality by 
breaking of tender shoots and hindrance of gas exchange. 
At the MDC site, I have also observed localized mortality in proximity to the 
nullah where the soil is dark gray and smelly (Plate 5.2). The strong reducing 
environment together with high level of exchangeable Fe (Appendix C.) is a potential 
threat to mangrove survival (Landon, 1991). 
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H 
Plate 5.1 Debris accumulated at the MDC mangrove compensatory area 
Plate 5.2 Sewage and agricultural runoff as a cause of localized 
mortality of mangrove at MDC 
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5.3 Compensatory Fishponds 
5.3.1 Bird Use at Au Tau Compensatory Fishponds 
As explained in Chapter 3，two compensatory fishponds and four nearby 
controls have been monitored to ascertain the functionality of the re-created wetland. 
The relative location and physical characteristics of the selected fishponds at Au Tau 
are shown in Table 5.5. It can be seen that one of the compensatory ponds, PI , is only 
12m away from the highway (Plate 5.3). With regards to the emergent vegetation, P2 
and controls are largely the same, dominated by Panicum sp. covering over 75% of 
area (Plate 5.4). However, at PI , only 10% of the area is covered by sporadic and 
rather short Cynodon dactylon. 
Table 5.5 The physical setting of compensatory and control ponds 
pi n a ^ a> ^ 
Area (ha) 1.838 1249 1310 1386 
Watershed area (ha) - 0 . 5 5 �0 . 0 6 �1 . 1 1 ~ 1.16 � 0 . 5 5 �1 . 1 3 
Vegetation coverage % � 1 0 % ~ 75% - 13% � 1 3 % �1 7 % ~12% 
Distance from highway 12m 85m 152m 279m 120m 682m 
Compensatory ponds: PI &P2; Control ponds: CI, C2, C3, C4 
As afore-mentioned, the main purpose of this investigation of the 
compensatory fishponds at Au Tau is to ascertain whether the compensatory habitat 
can fulfill the same ecological function as the one lost. Because most of the fishponds 
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Plate 5.3 Compensatory pond PI under the Route 3 Highways 
•HHli 
Plate 5.4 Compensatory Pond P2 with 75% of area covered by the 
grass，Panicum sp. 
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in the New Territories serve as the breeding ground for birds particularly of a 
migratory nature, the focus of the investigation is naturally focused on the use of these 
ponds by birds. In other words, the issue at hand is whether newly created 
compensatory fishponds can attract the same number and same types of birds as those 
found at the control ponds. 
Results of the bird counting and analysis exercises are given in Tables 5.6 to 
5.14. It can be seen that the compensatory fishponds have not attained the same 
ecological functionality as the control ponds in terms of providing a resting, feeding 
and breeding grounds for birds at least for the time being. 
5.3.2 Total Bird Counts 
Tables 5.6 and 5.7 show the total counts of bird at the compensatory and 
control ponds for the dry and wet seasons respectively. Two points merit mentioning. 
Firstly, the total counts at both the compensatory and control fishponds are 
significantly lower in the wet/breeding season. Secondly, the number of birds at the 
control ponds was generally higher at the control than at the compensatory ponds in 
both seasons. However, since the total counts depends also on the pond size, the 
comparison should be undertaken on a per unit area basis in the form of avian density 
(see Section 5.3.4). 
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Table 5.6 Number of birds of different wetland dependence categories at 
various ponds in dry/migratory season 
Wetland-dependent Wetland-associated Non-wetland Total 
PI 6 10 4 W 
P2 4 22 24 50 
CI 11 48 43 102 
C2 42 33 46 121 
C3 22 5 14 41 
Table 5.7 Number of birds of different wetland dependence categories at 
various ponds in wet/breeding season 
Wetland-dependent Wetland-associated Non-wetland Total 
PI 6 3 3 “ 12 ‘ 
P2 3 6 12 21 
CI 8 2 43 53 
C2 7 5 30 42 
C3 7 3 14 24 
C4 16 11 81 108 
5.3.3 Species Composition 
Results in Tables 5.8 and 5.9 show that the numbers of species at both 
compensatory and control ponds are higher in the dry than in the wet season. They also 
show that the compensatory ponds attract fewer species than the control ponds do. 
At the study sites, the most common residents are the Yellow-bellied Prinia 
Prinia flaviventris, Chinese bulbul Pycnonotus sinensis and the Tree Sparrow Passer 
montanus. 
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It has been observed that, as compared with the compensatory ponds, the 
control ponds attract more fish-eating birds such as Little Egret Egretta garzetta and 
Chinese Pond Rtxon Ardeola bacchus particularly in the dry season, but their numbers 
are small in the wet season. Such a drop could of course be explained by their 
migratory behavior. On several occasions, large flock of up to 40 White-cheeked 
Starling Sturus cineraceus could be seen at a pond at a time, but this was rare in the wet 
season. 
Moreover, some species are season-specific. For examples, the Siberian 
Stonechat Saxicola torquata, Fantail Warbler Cisticola juncidis. White Wagtail 
Motacilla alba, Olive-backed ？\ip\\ Anthus hodgsoni and Red-throated Pipit are winter 
visitors and could only be seen at that time. In contrast, the Black Drongo Dicrurus 
macrocercus could only be found in the summer season. For most birds, spring to early 
summer is the breeding season, when breeding signs such as the picking of nesting 
materials and displaying of territorial behaviour could be seen. In this study, several 
juveniles - Little Grebe Tachybaptus ruficoUis, Chinese Pond Heron Ardeola bacchus 
and Plain Prinia Prinia inornata 一 were found at the control ponds during this period 
indicating that these species might have brood and nested actively at the control ponds 
and nearby areas. 
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Table 5.8 Number of species of different wetland dependence birds at 
various ponds in dry/migratory season 
Wetland dependence Wetland associated Non-wetland Total 
PI 4 2 3 9 
P2 4 3 5 12 
CI 6 4 9 19 
C2 7 7 11 25 
C3 5 2 2 9 
Table 5.9 Number of species of different wetland dependence birds at 
various ponds in wet/breeding season 
Wetland dependent Wetland associated Non-wetland Total 
PI 2 2 3 . 7 
P2 3 2 3 8 
CI 3 2 8 13 
C2 3 4 8 15 
C3 3 2 3 8 
C4 3 3 10 16 
5.3.4 Avian Density 
Tables 5.10 and 5.11 present the density of birds (no./ha) at the compensatory 
and control ponds. Tables 5.12 and 5.13 display the density in terms of number of 
species (species/ha). 
It has been observed that even between the two compensatory ponds (PI and 
P2)，there is considerable difference in the avian density. Although P2 is much smaller 
than PI，the number of birds and species at P2 is substantially higher than that at PL 
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The difference in non-wetland birds between PI and P2 is most conspicuous, where P2 
is 17 and 11 times higher than PI in dry and wet seasons respectively. In addition, the 
number of species at P2 is nearly twice as many as that at PI. 
Notwithstanding the inherent differences between the compensatory ponds, the 
results in Tables 5.10 and 5.11 do show that there are substantial differences between 
the compensatory and control ponds. In the dry season, the density at the 
compensatory ponds was 7.40/ha while the corresponding figure for the controls was 
13.15/ha, albeit the difference in the overall bird density between these two groups is 
not statistically significant (Mann-Whiney U-test, p�0.05) . The number of species at 
the control ponds is also higher than that of the compensatory ponds (Compensation = 
3.45 species/ha; Control = 5.72 species/ha; p<0.05). During the wet season, the 
differences are higher both in terms of the bird number and species at the controls than 
at the compensatory ponds (Compensation = 3.27/ha; Control = 8.13/ha; p<0.05). 
As regards the type of birds, it could be seen that in the dry season (Figures 5.1 
and 5.3), wetland-dependent birds were significantly higher at the control ponds than 
at the compensatory ponds both in terms of the number of individuals and species 
(Compensation = 0.79/ha & 0.75 species/ha; Control = 4.14/ha & 1.97 species/ha; p 
<0.05). However, no statistical difference between the compensatory and control 























































































































































































































































































































































































































On the contrary, the compositional change of bird in the wet season (Figures 
5.2 and 5.4) has resulted in different bird distribution patterns. The wetland-dependent 
type did not show any significant difference between the compensatory and control 
ponds in the wet season despite difference was found in the dry season. This change 
could probably be explained by the fleeing of migratory birds in summer. However, 
both the number of individuals and species of non-wetland birds were considerably 
higher at the control than at the compensatory ponds (Compensation = 3.27/ha & 1.05 
species/ha; Control = 8.13/ha & 2.70 species/ha; p <0.05). The difference in 
non-wetland birds between the compensatory and control ponds was more 
conspicuous when the concealed non-wetland birds were reactivated for mating and 
breeding in summer season. 
Table 5,10 Bird density (no./ ha) per census at compensatory and control 
ponds in dry/migratory season 
Compensatory fishponds (n=2) . Control fishponds (n=3) 
Mean S^E Mean ^ 
Wetland-dependent 0.79 B ±0.33 AAA A ±0 .98 
Wetland-associated 3.31 A ± 1.67 3.87/4 ±2.15 
Non-wetland 3 .30^ 士 0.57 5.\AA 土 0.91 
Combined 7.40 4 ±1.58 13.15/i 土 2.63 
Different letters within a row indicate a significant difference by test of means (Mann-Whitney, 
P <0.05). 
S. E. = Standard error of mean 
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Table 5.11 Bird density (no./ha) per census at compensatory and control ponds 
in wet/breeding season 
Compensatory fishponds (n=2) Control fishponds (n=4) 
Mean S~E Mean ^ 
Wetland-dependent 0.66 J 土 0.25 1.45 /4 土 0.40 
Wetland-associated 0.92 A ±0.51 0.77 A ±0.17 
Non-wetland 1.69 B ±0.44 5.90 A ±0 .32 
Combined 3.27 B 土 0.86 8.13 A 土 0.17 
Different letters within a row indicate a significant difference of mean (Mann-Whitney, P <0.05). 
S. E. = Standard error of mean 
Table 5.12 Species density (species/ha) per census at compensatory and 
control ponds in dry/migratory season 
Compensatory fishponds (n= 2) Control fishponds (n=4) 
Mean S. E. Mean S. E. 
Wetland dependent 0.66 力 ±0.25 0.87 A ±0.19 
Wetland associated 0.61 A ±0.29 0.58/4 ±0.14 
Non-wetland 1.05 B ± 0.26 2.70/4 ±0.27 
Combined 2 .32^ ±0.64 4.15/4 ±0.23 
Different letters within a row indicate a significant difference of mean (Mann-Whitney, P <0.05). 
S. E. = Standard error of mean 
Table 5.13 Species density (species/ha) per census'at compensatory and control 
ponds in wet/breeding season 
Compensatory fishponds (n=2) Control fishponds (n=4) 
STR Miiii ^ 
Wetland-dependent 0.66 A ±0.25 1.45 A ±0 .40 
Wetland-associated 0.92 A ±0.51 0.11 A ±0 .17 
Non-wetland 1.69 5 土 0.44 5.90 A ±0 .32 
Combined 3.27 5 土 0.86 8.13 /4 ±0 .17 
Different letters within a row indicate a significant difference of mean (Mann-Whitney, P <0.05). 
S. E. = Standard error of mean 
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5.3.5 Species Diversity 
As regards species diversity, the control ponds exhibited higher species 
diversity than the compensatory ponds in both the dry and wet seasons. Moreover, the 
Shannon evenness index also shows that the number of individuals and species were 
more evenly distributed in the wet season (Tables 5.14). 
To sum up, the species at compensatory wetlands are relatively less diverse and 
lower in number than that of the control sites. Moreover, the density of wetland-
dependent species at the compensatory wetland was significantly lower than that of the 
control in the dry season despite of the absence of significant difference in the wet 
season. In contrast, the density of non-wetland bird was considerably higher at the 
control sites in the wet season than in the dry season. 
Table 5.14 Species diversity of compensatory and control ponds in terms of the 
Shannon Index and Shannon Evenness 
Compensatory wet lands~I Control wetlands 
Dry Wet Diy ^ 
Shannon Index 1.92 1.95 2.19 2.40 
Shannon 0.82 0.97 0.79 0.94 
Evenness  
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5.3.6 Discussion of Au Tau Compensatory Ponds 
The above results indicate that there are substantial differences between the 
compensatory and control ponds in the following ways: 
• The compensatory ponds attract less birds and fewer species than the control 
ponds 
• There are less wetland-dependent birds visiting the compensatory ponds in the 
dry season. 
• The differences are more pronounced in the wet season 
In other words, the compensatory ponds cannot claim to have attained the same 
ecological function as the control ponds. Of course, it is still too early to judge whether 
these two selected compensatory ponds can in time attain the original goal. The issue 
at the moment is why are the compensatory ponds not performing as well as the 
control ponds. 
A great number of reasons can be advanced to account for the discrepancy. 
These are related to the design of the compensatory ponds, the environmental setting 
of the area surrounding the ponds in question, and disturbance from nearby new 
highways. 
As far as the compensatory ponds are concerned, they are quite different from 
the nearby control ponds in that they are merely created to satisfy the requirement for 
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compensation. The compensatory ponds are just two shallow ponds less than 1 meter 
deep with the soil substratum made up of mud and boulders excavated from nearby 
highway construction sites. The water is crystal clear, devoid of both aquatic 
vegetation and organisms. On the map, they are "ponds" but they are functionally very 
different from the original ones. Whilst it would be unfair to have required the 
proponent to restore the ponds to the "original state", the provision of these 
compensatory ponds is merely to fulfill the obligation of "ecological compensation". 
It has also been suggested that these re-created ponds are shallow because they can be 
easily filled up for other uses should a change in land use be permitted in the future. 
What has further compounded the problem is that the environmental setting of 
the area surrounding these compensatory ponds has been substantially modified as a 
result of the highway-building project. It has been observed that three to four ponds 
surrounding the study sites had been drained and the basins were dry and colonized by 
terrestrial vegetation. These ponds, drained but not restored, would result in less food 
supply for the fish-eating birds and would undermine the overall attractiveness of the 
area. Thereby, the waterfowl population in the whole area including the study ponds 
will inevitably decline. 
The overall ecological value of the area has also been degraded by the highway 
project, which has cut up and fragmented the former wetlands into small parcels. 
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Traffic noise can also cause disturbance to birds. Being the closest of all study ponds to 
the highway, the results show that the number, diversity and density at P1 is the lowest. 
The traffic hazard and noise, together the lack of wildlife corridors, have all 
contributed to the low utilization of the compensatory pond by birds. 
The observed differences can also be ascribed to the environmental conditions 
of the area surrounding the ponds. What matters to the birds is not merely the pond 
itself, but also the associated bunds, nullahs, and surrounding cultivated fruiting trees 
around the ponds which provide important roosting, foraging and even breeding sites 
for various types of bird (Walthew, 1996). It is generally acknowledged that it is the 
environmental mosaic and the habitat diversity, rather than just the pond, which is 
ecologically important. So, the pond cannot simply be taken out from its original 
context and located elsewhere. 
A case in point is the plantation of fruit trees such as Syzygium jambos, 
Mangifera indica and Dimocarpus longan around the traditional fishponds. At the 
control sites, the presence of such trees has attracted frugivores and insectivores birds 
e.g. Japanese White-eye Zosterops japonica, Crested bulbul Pycnonotus jocosus and 
Magpie Robin Copsychus saularis. These are not sighted at the compensatory ponds 
because the replanted Acacia trees at the compensatory fishponds do not provide the 
kind of food for frugivores birds. It reveals that the compensation only provides a 
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surface of water, but not the favorable environmental setting for bird use. 
This highlights that the long-term occurrence of appropriate plant communities 
in or around the wetland is a key determinant of whether or not restored sites can 
provide a bird habitat comparable to that of an undisturbed wetland (Brown, 1998). 
This is echoed in research undertaken elsewhere showing that incomplete or 
inappropriate development of vegetation structure may depress bird species richness at 
restored wetland sites (Delphey and Dinsmore，1993). Similarly, it was found that the 
percentage of emergent vegetation cover positively correlated with bird species 
richness (Hemesath and Dinsmore, 1993). 
The boulder substratum at the compensatory fishponds makes the site 
unsuitable for developing diverse emergent vegetation. For instance, PI was 
dominated by Cynodon dactylon, which cannot grow tall enough to support breeding 
Prinia, nor to provide sufficient protection from predators. Many restored wetlands, 
particularly early in their development stage，have characteristics that may result in 
high rates of nest predation for little nesting cover or few refuges from predators 
(Brown, 1998). 
Another significant difference between the compensatory and control 
fishponds is the lack of maintenance of the former. The fishponds in this part of Hong 
Kong are home to waterfowls such as herons and egrets (Chu, 1995). It has been 
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reported that as many as 136 species of waterfowls habitually make use of commercial 
fishponds in the Deep Bay area (Walthew, 1996). However, the importance of these 
fishponds for egrets and herons are preliminarily related to their operation and 
maintenance. Apart from providing the cultured artificial stocks such as Mullet and 
carps，the ponds also support wide varieties of commercially valueless fish and 
amphibian such as the mosquito fish Gambusia affinis, Tilapia Oreochromis 
mossambicus and shrimp Macwbrachium nipponense, which are substantial food 
sources for the fish-eating birds (Walthew, 1996). Fishponds are also the breeding site 
for chironomid midges, which swarm in large numbers on hatching and become an 
important food source for insectivores such as swifts and warblers (Chu, 1995). On the 
other hand, the Elephant Grass Paspalum distichum and Panicum sp. that are 
commonly found in the bunds of ponds，not just supply food source for the commercial 
fish, but also provide valuable cover and micro-habitats for amphibians and breeding 
Prinias. Fruiting trees are commonly planted along the trails, which play an important 
role in providing shelters and food sources for frugivore and insectivores species. 
Traditionally, harvesting of fish takes place between October and March. 
Harvesting involves progressive drainage of ponds by pumping water into the 
surrounding ponds. After the ponds are drained, the remaining "trash" fish are 
particularly attractive for birds like egrets, herons and migratory waders. As the 
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drain-down occurs randomly throughout winter to spring, the "trash" fish can provide 
a continuous and constant food source during the period. However, the compensatory 
ponds will not provide these functions because the ponds are no more than a basin 
filled with water, there are no commercial fishing activities, let alone any management 
practices. 
5.4 Discussion 
The objective of this thesis is to determine whether or not the ecological 
compensatory measures recommended in EIA reports in Hong Kong measure up to the 
expectations, particularly in providing the ecological functionality of the lost habitat. 
The field data obtained at three different sites in Hong Kong suggest that there are 
significant gaps between promises and performance. 
We have seen from the above case studies that the overall survival rate of the 
mangrove communities are on the low side, one particular species is particularly 
vulnerable, and established mangrove communities are threatened by weeds, floating 
debris and pollution. The performance of compensatory fishponds, re-created to make 
up the gradual loss of wetlands in Hong Kong, is no better. These ponds are re-created 
to provide breeding, roosting and nesting ground for the local and migratory birds. Yet, 
my field observation data suggest that compensatory ponds tend to attract less birds, 
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both in terms of number and diversity and this effect is more pronounced among the 
wetland-dependent bird species and in the wet breeding season. 
Factors contributing to this reduced ecological functionality have been given 
above. In short, all of the problems can be boiled down to one point - that only the 
habitat is provided, often fragmented and in isolation, without the surrounding 
environmental setting to sustain the ecological functions, and without the management 
practices to enhance viability. 
Many of the problems can be exemplified in the mangrove restoration 
programs examined. At one of the two study sites, the soil substratum is probably not 
right for the target mangrove species. The planting density is too high and there is a 
lack of consideration of the right plant mix and post-planting care and management. 
This highlight the need, in ecological restoration programs, to provide not only the 
"plants", but also the environment to sustain these plants. 
The same can also be said about the compensatory fishponds. My data show 
that ponds alone do not attract many birds, these ponds have to be set up in the right 
environmental milieu with emergent plants in, and shrubs and trees around the ponds. 
The case in Hong Kong also highlights that a few fragmented ponds, located between 
and under highways, do not serve the same function as a larger contiguous pond, even 
if the total area is the same. 
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These findings do remind us that successful ecological restoration programs 
call for more than a statement in the EIAO, or a patch of water surface on the map. The 
environment is an intricate web of linkage and flows which is hard to mimic and 
difficult to re-create. If we are serious about ecological compensation, we have either 
to replant at a ratio more than 1:1，or to specify that the original ecological 
functionality be established. 
The TM of the EIAO has stipulated that the off-site mitigation measures shall 
be on a "like for like” basis, implying that the compensatory measures must be directly 
related to the habitats or species to be protected，either by the same kind of species or 
same size of habitats. However，the current guidelines in the EIAO could not guarantee 
the implementation of the best available practices of compensatory measures in spite 
of the "no net loss" guideline with respect to compensation. Several aspects should be 
streamlined to foster the principle. As mentioned earlier in this chapter, the provision 
of a compensatory habitat of an area same as the one lost is not a guarantee of 
restoration of the same ecological function, but most important ones must provide the 
right environmental setting and management plan. However, these important factors 
are often not considered in the EIA process. For example，the study reveals that a right 
soil substratum is essential for emerging suitable vegetation cover and to maintain the 
ecological function. However, the soil properties ofpre-impact conditions have not 
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been ascertained. Without such pre-impact baseline information and clear restoration 
objectives, it is hard to assess the 'success' of the compensatory habitats. Futhermore, 
there has not been sufficient consideration given to species selection, planting density 
and mono-planting in the EIAO. 
The study also suggests that the ecological function of compensatory habitats 
could not be fully restored without an appropriate surrounding environmental setting 
and a carefully thought-out management plan. However, the TM yet regulates merely 
the compensatory habitats but not the surrounding environment. Post-planting 
management and after-care has always been a problem. Most proponents do not have 
any plan and resources for long-term management. Very often, the compensatory 
habitats are handed to the Government who is often under-financed and short of staff. 
Of course, we should try to avoid impacting on areas of ecological value, rather 
than to make good and compensate for what is lost. Avoidance rather than mitigation is 




The goal of this thesis is to examine whether or not and to what extent EIA can 
protect biodiversity in Hong Kong. The effectiveness of EIA depends very much on 
how the EIA study was carried out and how its recommendation implemented. Hence, 
a comprehensive review of EIA reports done in Hong Kong is conducted because both 
the ecological information and the recommendations contained in the EIA reports will 
determine the course of remedial actions to be undertaken and whether or not the 
project can be accepted. 
As mentioned in Chapter 2, one of the key functions of the EIA is to identify 
and recommend measures to avoid, minimize and mitigate the environmental impacts 
arising from a development project. To find out whether or not the EIA can live up to 
its promises in reality, the performance of several ecological compensatory schemes 
implemented locally was studied. 
6.1 Major Findings 
The study begins with a critical review of the ecological components of EIA 
reports. The objective of this study is to examine how well EIA reports provide the 
appropriate information for decision-making and for protection of the biodiversity. 
Ill 
Forty-three reports were randomly selected from the EIA collection and the ecological 
components were reviewed according to the criteria formulated with regard to the TM 
of the EIAO and the findings of earlier review works of Treweek and Thompson (1997) 
and Wamken and Buckley (1998). The review focuses on areas such as collection of 
baseline data, prediction methods, and effectiveness of mitigation measures. 
The critical review suggests that the overall quality of ecological assessment in 
EIA studies in Hong Kong is far from satisfactory. The baseline study and prediction 
are particularly problematic. It was found that the methodology of baseline study was 
not stated in 35% of the proposals. It was also evident that baseline study was 
inadequate with 22.7% and 31.8% of the study only done in a few days or several 
months respectively. Very often, the ecological assessment concentrates on the groups 
of plants and birds. Prediction of ecological impacts is vague, mostly couched in 
verbal, descriptive terms. Some studies did not even attempt to specify the sensitive 
receivers or biological process impacted. 
In order to determine whether or not ecological compensatory measures 
recommended in EIA reports in Hong Kong can compensate for the loss of ecological 
functionality of the original habitat, the compensatory habitats of three infrastructure 
projects in Hong Kong were selected for field investigation. The compensatory 
habitats cover different types of wetland of ecological significance, including coastal 
112 
and riverine mangroves, and fishponds. 
Study of riverine and coastal mangroves show that the overall survival rate of 
the mangrove communities is on the low side, only at around 60-70%. One of the 
mangrove species, A. corniculatum, in KSC Island is particularly vulnerable with an 
overall survival rate of 10%. The poor growth of A. corniculatum is caused by high 
salinity reflecting probably the choice of a wrong mangrove species in the 
compensatory scheme. 
The environmental setting and soil properties of the riverine mangrove 
community at MDC are more favourable for mangrove growth. It can explain why the 
mangrove community at MDC is more robust than that of KSC. Nonetheless, the 
riverine mangrove at MDC is threatened by weed growth, floating debris and 
pollutants brought down by the river. This highlights the need for maintenance and 
after care. 
A number off ish ponds have also been recreated in Hong Kong to compensate 
for those lost to infrastructure development. This study shows that compensatory 
ponds do not perform as well as nearby natural fishponds in terms of bird use. Findings 
indicate that compensatory ponds tend to attract less bird than natural fishponds both 
in terms of number and diversity, and the differences are more pronounced among 
wetland-dependence birds and during the wet/breeding season. Overall ecological 
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compensatory measures cannot achieve the same ecological functionality of the 
habitats lost. 
The investigation tells us that the mere provision of compensatory mangrove 
habitats is not sufficient, one must provide the right environment setting and 
post-project management. The same can also be said about the compensatory 
fishponds. These ponds have not provided the proper environmental setting to attract 
birds, and they are also scattered, fragmented and located between and under highways. 
There is no active management plan with clearly defined goals and targets. Therefore 
provision of a compensatory habitat for an area same as the one lost is not a guarantee 
to attain the same ecological function. 
6.2 Discussion of Findings 
As afore-mentioned, the purpose of an EIA is to inform decision-making. 
These can be decisions on site selection, project design, nature and type of mitigation 
measures, and above all acceptability of the project. Such information could only be 
provided through a thorough understanding of the ecological characteristics and 
functions of the habitat likely to be affected. 
According to the review of past EIA studies in Hong Kong described in 
Chapter 4，there are doubts on the amount and quality of ecological baseline 
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information and the duration of baseline survey. What have been given in EIA reports 
are often no more than habitat maps and list of plant or animal species. In the absence 
of a territorial-wide database on distribution of various habitats and location of 
biodiversity hot spots, one wonders how the EIA studies have reliably assessed the 
ecological impacts, degradation of important habitats and loss of species of 
conservation value. Given the evidence available through the review, the current study 
cannot ascertain that previous EIA studies have not overlooked unwarranted impacts 
on important habitats or species. 
I have pointed out in section 4.2.2 that most of the predictions in previous EIAs 
focused largely on habitat loss rather that on the degeneration of ecological function or 
decline in biodiversity. Few studies have attempted to investigate how a project may 
impact on the energy and trophic flows of the impacted ecosystems. Even fewer have 
addressed cumulative ecological impact issues. Given the propensity of the majority of 
EIA studies to focus on habitat loss, the end result is that many projects focus largely 
on mitigation by way of habitat compensation rather than avoidance of impacts. 
As explained in Chapter 5, compensation cannot provide adequate protection 
to Hong Kong's ecological resources for a number of reasons. Firstly, unless the 
ecological function of the compensatory habitat is same as the one lost, compensation 
is inadequate even if on a 1:1 basis. Unfortunately, it has been shown in section 4.2.3 
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that in terms of area alone, many projects have not provided compensation at the 1:1 
basis and there has been a net loss of habitat. Secondly, even if ecological 
compensation is provided on a 1:1 basis, the original ecological function is not 
immediately restored, as is demonstrated by the findings of the three compensatory 
habitats. There have to be a number of years before the ecological functions to be fully 
restored. Thirdly, in the calculation of habitat loss, it has been observed that habitat 
loss has been determined by overlaying the project boundary onto a habitat map, as if 
the ecological impacts are confined to the project boundary. Logic and experience tell 
us that the spatial extent of ecological impact is not limited to the project boundary. For 
example, impacts arising from noise and silty runoff can extend over a wide area 
adjoining a highway or railway. Finally, compensation on a 1:1 area basis does not take 
into account the ecological impacts arising from fragmentation and degeneration of 
habitat quality. Furthermore, it is generally accepted that the ecological function of a 
contiguous piece of wetland is much higher than the function of several parcels of 
small wetlands even though the total area of the latter is same as the former. 
Problems arising from the inadequacy of ecological compensation are 
aggravated in Hong Kong by the propensity of many project proponents to mitigate 
rather than to avoid impacts. This study has shown that only less than half of the EIA 
studies have seriously considered avoidance (Section 4.2.3). It has been the mind-set 
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of many project proponents to opt for expediency in project planning, which is to 
choose the most convenient site or route, to determine the extent of habitat loss in 
terms of area and to re-provide a similar habitat as compensation. Only a few of the 
EIA studies have detailed description of the habitat creation and management plan and 
in most of the cases，the job of habitat recreation and management are left to 
contractors or government agencies which have no experience and expertise in habitat 
management. The end results, as evidenced in Chapter 5, are no more than a mangrove 
or pond on a map with only part of the ecological functions restored. All these, I have 
argued, are far from being adequate in the protection of biodiversity. 
It has been suggested that one of the unique features of the EIA system is the 
"Environmental Monitoring and Audit Program" or EM&A in short. Theoretically, the 
EM&A program can make up problems arising from the inherent deficiencies in the 
EIA process. For example, EIA is only a predictive science, it is not an exact science at 
least for the time being. Ecological predictions are in particular fuzzy and inexact 
because of the complexities of ecological processes and the intricate linkages in 
ecosystems. The objective of the EM&A program is to systematically monitor the 
actual effects of a project so that timely management responses can be made and 
remedial actions taken. 
However，this study has found out that despite EM&A is an accepted practice 
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in Hong Kong, it has only been described in about 60% of the EIA studies reviewed. 
Of those which have mentioned the EM&A program, only some have specified the 
ecological parameters to be monitored，elaborated the frequency and duration of 
monitoring, and even fewer have set clear and measurable ecological targets. Without 
these details, one wonders if the compensatory habitats, even if adequately provided 
for，can achieve the intended ecological objectives. 
Of course’ one could always argue that EIA, by its nature, can never be an 
adequate protection tool，unless the EIA process can force the project proponent to 
avoid rather than to mitigate or compensate for the impact or loss. If there is a 
presumption for development and a preference for mitigation, as is the case in Hong 
Kong, EIA can at best be a tool for "damage control". No matter how adequate is the 
compensation, or how elaborate is the habitat creation and management plan, 
ecological disturbances bound to occur and all actions are reactionary and curative. 
EIA cannot make things better, it can at best prevent things from getting worse. 
Moreover, ecological compensation is only a goal and an intention. It has been 
argued that unless there is a detailed habitat recreation plan with clear ecological 
targets and designation of responsibilities，a plan is only a statement of intent. A plan is 




I have summarized in the previous section the shortcomings and inadequacies 
of ecological impact assessment in Hong Kong. This is not to say that there is no place 
for the EIA process in protecting biodiversity in Hong Kong. The findings of this study 
do highlight the need to improve on the current process. In fact, EIA in general and 
ecological impact assessment in particular are a rapidly developing fields and it is 
imperative that we are mindful of the deficiencies and are willing to learn from the 
past. 
One lesson can get from the above discussion is that EIA alone is not adequate 
to protect biodiversity. As explained, EIA is only one of many tools needed to protect 
the environment. To be effective, EIA has to be accompanied by an array of other 
instruments, such as legislation, long-term strategic development plans and a 
conservation strategy. Unfortunately, Hong Kong still lacks an overall conservation 
strategy and plan to protect those ecological hotspots that are under threat. As 
mentioned earlier, areas of ecological importance which are outside Country Parks and 
which are not designated SSSIs are particularly vulnerable. There is as yet not an 
inventory where these ecological hotspots are，let alone an evaluation of their 
importance or plans for their protection. There is a limit to what the EIA system can do 
in those cases because neither the EIAO nor its TM has spelled out which areas are 
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strictly “no-go，，areas. Therefore，Hong Kong must have a comprehensive and 
well-conceived conservation policy, detailing the long-term goals and objectives and 
prioritizing the areas to be protected. 
Notwithstanding the above，much can still be done in the EIA process to 
enhance its effectiveness in protecting biodiversity. These come under various 
headings such as the EIA approach, the EIA Technical Memorandum, the ecological 
database, the EM&A program and orchestration of various ecological compensation 
measures. 
As regards the basic approach in ecological impact assessment, the basic 
priority of avoidance, minimization and mitigation/compensation should be upheld. In 
other words, all projects should consider whether impacts can be avoided by the 
prudent choice of site, alignment or construction method and it is only when impacts 
cannot be avoided that minimization measures should be considered. Furthermore, 
impact minimization measures should be preferred to mitigation or compensation 
measures. Whilst such a priority has already been stated in the EIAO, few EIA studies 
undertaken in the past have strictly followed this sequence. Very often, projects have 
been accepted on the basis that compensation would be provided. The effectiveness of 
ecological compensation is not a matter of intent, but of implementation. There is a 
need for the control authority to strictly apply the principle of avoidance first, 
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minimization second and compensation as the last resort. 
On the other hand, there is clear indication that the Technical Memorandum of 
the EIAO should be further streamlined or tightened. A number of areas merit our 
attention. Firstly, there should be clear guidelines on the scale and method of 
ecological baseline study. There should be clear indication that the duration of the 
study should commensurate with the nature of the project and ecological sensitivity of 
the area to be affected. There should be stipulation that the study should be long 
enough to cover four seasons or the critical season. Difference in sampling method， 
intensity and duration of survey may lead to very different conclusions (Spellerberg, 
1992). 
Secondly, there should be clear stipulation on how ecological predictions be 
undertaken, particularly with reference to guidelines on the estimation of the area of 
habitat loss. It should also clearly stipulate that effects on species diversity, habitat 
quality and ecological functions should be covered in ecological assessment. It is only 
through these ecological analyses that the focus is taken off the mind-set of 
compensation. 
Thirdly，if compensation is really warranted, there should be clear stipulation 
as to whether compensation should be provided for an area or by function basis. If it is 
by function, there should be guidance on how the ecological ftinction can be restored 
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in the shortest possible time. 
Finally, there is a need for all projects to provide a clearly defined and well 
thought out habitat creation and management plan if it can be demonstrated that 
ecological compensation is an acceptable solution. Such a plan should define clearly 
the area, configuration and specifications of the habitat to be recreated together with 
well-defined management objectives, management plan and responsibilities. 
Of course, many of the difficulties faced by EIA practitioners in Hong Kong 
can be traced to the lack of a comprehensive ecological database of Hong Kong. Quite 
recently, a systematic survey of the ecological profile of various habitats has been 
undertaken and a biodiversity survey conducted. It is high time that the information of 
such surveys be made available to EIA practitioners. It is also important that the data 
base if updated and maintained for the formulation of policies and management plans. 
Regarding the EM&A program, steps should be taken to ensure that such a 
program should cover not only physical parameters such as noise, water and air 
pollution, but also ecological parameters. Such a program should also spell out the 
duration and frequency of monitoring as well as the performance criteria to be 
measured against. While accepting ecological monitoring is a new field of study, one 
should explore how the ecological data obtained from EM&A programs could be used. 
Further work is needed to define under what circumstances should management 
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responses be provoked and to examine how to initiate remedial actions before 
permanent damages are done. 
With regard to the implementation of ecological compensation measures, some 
amendments to current practices are warranted. At the moment, a project proponent is 
deemed to have satisfied the requirement if the compensation is considered adequate 
(i.e. 1:1 in terms of area) whether or not the compensatory habitat is in one piece or in 
many small pieces, and without any consideration of the environmental setting of the 
compensation site. Given the many shortcomings of this approach (Section 4.3.2)，it is 
imperative that a “mitigation banking" system be introduced to Hong Kong. Such a 
system has several advantages over existing practices. Most important of all, a 
mitigation banking system facilitates the pooling of resources, expertise and 
management efforts. Hence, such a system allows for the compensation to take place 
in designated areas of ecological importance where the need is greatest and the habitat 
is contiguous and of a considerable size. Moreover, ecological compensation can be 
provided in advance of the disturbance brought about the project. Last, but not the least, 
mitigation banking will place the tasks of habitat creation, management and after care 
in the hands of experts rather than government agencies which have other primary 
responsibilities. However, mitigation banking is not the panacea to all problems, it too 
has some limitations. As said, the environment is an intricate web of linkage and flows 
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which is hard to mimic and difficult to re-create. So, the habitats cannot simply be 
taken out from its original context and located elsewhere. In other words, the 
re-created habitat at an off-site location can hardly provide an equivalent surrounding 
environment as the one lost. Hence, mitigation banking should only be considered 
when on-site compensatory measures have been exhausted. Mitigation banking is also 
fraught by a number of problems including whether different types of wetlands can be 
swapped, whether the newly created functions are the same as those lost, and what the 
compensation ratio is appropriate. 
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Mott MacDonald Hong Kong Ltd. (1994) Stonecutters' Island South Shore Naval 
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CES Consultants in Environmental Science (Asia), Ltd. (1995a) Route 3 Tai Lam 
Tunnel & Yuen Long Approach -Northern Section - Environmental Impact 
Assessment FimI Report Vol. 7, October 1995. 
CES Consultants in Environmental Science (Asia) Ltd. (1995b) Route 3 Tai Lam 
Tunnel & Yuen Long Approach — Southern Section - Environmental Impact 
Assessment Final Report Vol 1 & 2, October 1995. 
Environmental Resources Management (1995a) Proposed Aviation Fuel Receiving 
Facility at Sha Chau - Final Environmental Impact Assessment Report, 
January 1995. 
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Environmental Resources Management (1995b) BacJrfilling of South Tsing Yi and 
North of Lantau MB As — Final Emnronmental Impact Assessment Report, 
November 1995. 
Mott Connell Ltd. (1995) Route 5 Section between Shek Wai Kok and Chai Wan Kok, 
Environmental Impact Assessment Final Report, February 1995. 
AXIS Environmental Consultants Ltd. (1996a) Discovery Bay Development Master 
Plan 6.0 (A) -Road & Tunnel Link - Environmental Impact Assessment Final 
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AXIS Environmental Consultants Ltd. (1996b) Discovery Bay Development Master 
Plan 6.0 (A) - Discovery Bay North- Environmental Impact Assessment Final 
Report,, February 1996. 
Binnie Consultants Ltd. (1996a) Kam Tin Bypass Design and Construction 
Consultancy - Environmental Impact Assessment Final Report, March 1996. 
Binnie Consultants Ltd. (1996b) Site Formation of Tin Shui Wai Reserve Zone Under 
Packages 1 & 2 - Environmental Impact Assessment Final Report Vol 1 & 2, 
July 1996. 
CES Consultants in Environmental Science (Asia) Ltd. (1996) Tai Po Development: 
formation and Servicing of Area 12 and 39 - Environmental Impact Assessment 
Final Report, June 1996. 
Environmental Resources Management (1996) Main Drainage Channel for Ngau 
Tarn Mei, Yuen Long and Kam Tin - Environmental Impact Assessment Final 
Report, May 1996. 
Mouchel Asia Ltd.(1996) Rural Drainage Rehabilitation Scheme - Environmental 
Impact Assessment Final Report, June 1996. 
AXIS Environmental Consultants Ltd. (1996) Extension to TYTL 108 RP Proposed 
Reclamation and Relocation of United Plating Dock to Tsing Yi -
Environmental Impact Assessment Final Report, July 1996. 
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Maunsell Consultants Asia Ltd.(1996) Feasibility Study for Castle Peak Road 
Improvement between Ka Loon Tsuen & Yau Kom Tan - Environmental Impact 
Assessment Final Report, December 1996. 
Binnie Consultants Ltd. (1997a) Tin Shui Wai Development Engineering 
investigations for Development of Area 3, 30, 31 of the Development Zone and 
the Reserve Zone - Environmental Impact Assessment Final Assessment 
Report Vol. 1 & 2, February 1997. 
Binnie Consultants Ltd. (1997b) Yuen Long South Development Engineering Works in 
Area 13 & 14, Yuen Long - Environmental Impact Assessment Final Report, 
November 1997. 
Environmental Resources Management (1997) Phase II (Part 1) Tai Wai to Ma On 
Shan KCR Extension to Tsim Sha Tsui - Environmental Impact Assessment 
Final Report, March 1997. 
Maunsell Consultants Asia Ltd.( 1997a) Widening of Tolo Highway and Traffic 
Surveillance and Information System - Environmental Impact Assessment 
Final Report, April 1997. 
Maunsell Consultants Asia Ltd.(1997a) Sha Tin Newtown Stage II Road D15 Linking 
Lok Shun Path & Tai Po Road - Environmental Impact Assessment Final 
Report, March 1997. 
Maunsell Consultants Asia Ltd.( 1997b) Tseung KM>an O Extension Quarry Bay 
Congestion Relief Works - Environmental Impact Assessment Final Report Vol 
I & 2, July 1997. 
Maunsell Consultants Asia Ltd.( 1997c) Main Drainage Channels for Fanlings, Shung 
Shui and Hinterland - Environmental Impact Assessment Final Report, 
October, 1997. 
Maunsell Consultants Asia Ltd.(l 998) Trunk Road 77 in Ma On Shan - Environmental 
Impact Assessment Final Report, February 1998. 
Environmental Resources Management (1998) Backfilling Marine Borrow Area at 
East Tung Lung Chau - Environmental Impact Assessment Final Report, 
February 1998. 
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Binnie Consultants Ltd. (1998) Yuen Long Bypass Floodway Feasibility Study -
Environmental Impact Assessment Final Report, June 1998. 
Alkins China Ltd. (1999) Route 9 between Taing Yi and Cheung Sha Wan -
Environmental Impact Assessment Final Report, July 1999. 
Environmental Resources Management (1999a) 1800 MW Gas-fired PoM>er Station at 
Lamma Extension - Environmental Impact Assessment Final Report, February 
1999. ‘ 
Environmental Resources Management (1999b) Main Drainage Channels and Polder 
Protection Schemes for San Tin, NWNT - Environmental Impact 
Assessment Final Report, April 1999. 
Environmental Resources Management (1999c) East Rail Extensions 一 Tai Wai to Ma 
On Shan - Environmental Impact Assessment Final Report, August 1999. 
Environmental Resources Management (1999d) Essential Public Infrastructure 
^^orks Mnth West Rail Stations in Yuen Long Tin Shui Wai and Tuen Mim Centre 
-Environmental Impact Assessment Final Report, August 1999. 
Environmental Resources Management (1999e) Route 10 North Lantau to Yuen Long 
Investigation & Preliminary Design - Southern Section - Environmental 
Impact Assessment Final Report，September 1999. 
Hyder Consulting Ltd. (1999) Hehe Haven Yacht Club Development - Phase 2 -
Environmental Impact Assessment Final Report, September 1999. 
Maunsell Consultants Asia Ltd.( 1999a) Proposed development at Telegraph Bay -
Environmental Impact Assessment Final Assessment Report. 
Maunsell Consultants Asia Ltd.(1999b) 132kv Overhead Pole Line and Underground 
CMe from the existing Po Lam Substation to existing Tui Min Hoi 
Substation 一 Circuit No. 2 - Environmental Impact Assessment Final Report, 
September 1999. ‘ 
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Mouchel Asia Ltd.(1999) Lantau North-Sourth Road Link between Tai Ho Wan and 
Mui Wo - Euviwwnental Impact Assessment Final Report. 
Scott Wilson (Hong Kong) Ltd., Parsons Brinckrhoff (Asia) Ltd. (1999) Route 16 
Investigation Assignment from West Kowhon to Shatin - Environmental 
Impact Assessment Final Report, August 1999. 
Environmental Resources Management (2000) Construction of an International 
丁 h e — Park in Penny's Bay of North Lantau and It's Essential Associated 
Infrastructure - Environmental Impact Assessment Final Report, February 
2000. ‘ 
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Appendix B. Performa for the critical review of ecological statements 
Title: 
Publication date: 
Nature of project: 
1) Types of development 
2) Location in terms of district (Hong Kong Island, Kowloon, New Territories) 
3) Size of development 
4) Habitats of ecological significance (Conservation areas, Country Parks, 
Marine reserve) 
5) Land use adjacent to the development 
Baseline Ecological Assessment 
1) Scoping and preliminary study (Literature review/ field study) 
2) Quality of study methodology of study 
(Goodness based on systematic survey, standardized and sound methods, 
adequate sampling size) 
Not mentioned Very poor Very good 
0 1 2 3 4 5 
3) Duration of baseline study 
4) Area of study 
6) Taxonomic groups studied 
6) Intensity of study (species list/ abundance/distribution, habitat, community, 
ecosystem, functional and landscape level) 
7) Habitat/species of ecological importance and their significance specified: 
(Nursery/breeding ground and rare, endangered, endemic species of 
International, regional and local importance) 
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8) Quantitative measurement given 
Not mentioned Very poor Very good 
0 1 2 5 4 5 
9) Methods of evaluation of ecological significance addressed 
Impact Prediction 
1) Type of habitat lost or affected upon development 
2) Size of affected habitats (Direct/Indirect) 
3) Methodology of impact prediction 
Goodness based on quantitative, widely accepted and sound methods 
Not mentioned Very poor Veiy good 
0 1 2 3 4 5 
4) Type of direct/indirect impacts 
5) Nature and magnitude of impact (permanent/temporary, long-term/short-term, 
irreversibility) 
6) Consideration of additional, synergistic and cumulative impacts 
acknowledged 
7) Consequential impact arising from development addressed (making habitats 
more vulnerable by additional development, altering the existing carrying 
capacity of land, introduction of pollution, impacts caused by overlapping of 
different stages for multiple stages project) 
8) Uncertainty in prediction acknowledged 
Mitigation measures 






2) Detail plans of mitigation (location, compensation size, design, layout, 
replanting species) 
Not mentioned Very poor Very good 
0 1 2 3 4 5 
3) Effectiveness and reliability of measures such as basing precedent 
experiences elsewhere: 
Not mentioned Very poor Very good 
0 1 2 3 4 • 5 
4) Responsible agencies and the timetable of mitigation given 
5) Compensation 
1) Location of compensation (on-site / off-site) 
2) Surrounding land use 
3) Compensation size 
4) Total loss/gain of land after compensation 
6) Residual Impacts prediction addressed 
Environmental Monitoring and Auditing 
1) Soundness of monitoring methodology 
Not mentioned very poor Very good 
0 1 2 3 4 5 
2) Number of monitoring parameters 
3) Monitoring frequency and duration 
4) Adoption of “control site" in monitoring 
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Appendix D. Field data of bird observations at Au Tau 
D-1 Signs of bird activities and habitats used 
1) Activities observed 
j = juvenile 
f = foraging 
p = picking 
k = perching 
* = flyover 
# = breeding signs e.g. picking nest materials, chicks，display..... 
V = vocal voice 
2) Habitats used 
p = pond; n=nullah; u = utility (tower, building, electric power line, fence) 
b = bunds; s = shore; t=trees on bunds. 
3) Residential status 
R = resident, SV = summer visitor, PM = passage migrant, WV = winter visitor, 
OV = occasional visitor, and I = introduced 
4) Rarity 
VC = Very common; 
C = Common; 
R = Restricted; 
r = Rare 
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Appendix D. Field data of bird observation at Au Tau (Con'd) 
D-2 The bird observation data of PI in dry/migratory season 
Pond PI Status Rarity Habitats25/12/9927/12/9928/12/99 3/2/00 5/2/00 8/2/00 
Brown Shrike PM/WV C  
Chinese Bulbul R VC  
Chinese Bush Warbler WV C  
Crested Bulbul R VC  
Dusky Warbler WV C  
Japanese White Eye R VC  
Jungle Crow R VC  
Magpie R VC  
Magpie Robin R VC  
Olive-backed Pipit WV VC b �p 
Rufous-backed Shrike R VC  
Siberian Stonechat WV C .. 
Spotted Dove R VC  
Spotted Munia R C u 2 � 
Tree Sparrow R VC b, u 1 
White-backed Munia R C  
Yellow-bellied Prinia R VC  
Black-eared Kite R VC  
Black Drongo SV VC  
Black-necked Starling R VC  
Collard Crow R C  
Common Myna I R  
Crested Myna R VC u  
Fantail Warbler R/WV C  
Oriental Reed Warbler PM C  
Red-throated Pipit PM/WV C ' 
Silky Starling WV C  
White wagtail R/WV VC s 1 2 3 
White-cheeked Starling WV R  
Black-capped Kingfisher R C  
Chinese Pond Heron R VC p,s 2厂 
Common Kingfisher R VC s 
Cormorant WV C 
Grey Heron R C 
Little egret R VC p.s  
Little g R C  
Night Heron R C 
White-breasted Waterhen R VC 
White-breasted 
Kingfisher R | VC | s 
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Appendix D. Field data of bird observation at Au Tau (Cont'd) 
D-3 Bird observation data of PI in wet/breeding season 
Pond PI Status Rarity Habitats21/4/00 23/4/00 13/7/00 23/7/00 13/8/00 10/9/00 
Brown Shrike PM/WV C  
Chinese Bulbul R VC  
Chinese Bush Warbler WV C  
Crested Bulbul R VC  
Dusky Warbler WV C  
Japanese White Eye R VC  
Jungle Crow R VC  
Magpie R VC  
Magpie Robin R VC 1 
Olive-backed Pipit WV VC  
Rufous-backed Shrike R VC  
Siberian Stonechat WV C  
Spotted Dove R VC  
Spotted Munia R C  
Tree Sparrow R VC b, u  
White-backed Munia R C  
Yellow-bellied Prinia R VC  
Black-eared Kite R VC  
Black Drongo SV VC  
Black-necked Starling R VC  
Collard Crow R C  
Common Myna I R  
Crested Myna R VC u 
Fantail Warbler R/WV C  
Oriental Reed Warbler PM C  
Red-throated Pipit PM/WV C , 
Silky Starling WV C  
White Wagtail R/WV VC s 1 
White-cheeked Starling WV R 
Black-capped Kingfisher R C 
Chinese Pond Heron R VC P，s If If 
Common Kingfisher R VC s 
Cormorant WV C 
Grey Heron R C 
Little egret R VC P,s ^ ^ Jf 
Little Grebe R c 
Night Heron R C 
White-breasted Waterhen R VC 
White-breasted 
Kingfisher 丨 R | VC  
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Appendix D. Field data of bird observation at Au Tau (Con 'd ) 
D-2 The bird observation data of PI in dry/migratory season 
Pond P2 Status Rarity Habitats 17/11/99 18/11/99 28/12/9 3/2/00 5/2/00 8/2/00 
Red-vented Bulbul PM C  
Brown Shrike PM,WV C  
Chinese Bulbul R VC  
Chinese bush Warbler WV C  
Crested Bulbul R VC  
Dusky Warbler WV C b 2 ~ 
Japanese White Eye R VC  
Jungle Crow R VC  
Magpie R VC u  
Magpie Robin R VC  
Olive-backed Pipit WV VC u  
Rufous-backed Shrike R VC u 产 " ？ ^ ~ 
Siberian Stonechat WV C  
Spotted Dove R VC  
Spotted Munia R C  
Tree Sparrow R VC  
White-backed Munia R C  
Yellow-bellied Prinia R VC b 1 3�’ 5 ^ >3^ 
Black-eared Kite R VC  
Black-necked Starling R VC U,b 产 ~ ~ ^ ^ 
Co Hard Crow R C  
Common Myna 1 R  
Crested Myna R VC u 12、口 
Fantail Warbler R/WV C  
Oriental Reed Warbler PM C  
Red-throated Pipit PM/WV C u ' 
Silky Starling WV C  
White Wagtail R/WV VC  
White-cheeked Starling WV R 
Black-capped Kingfisher R C 
Chinese Pond Heron R VC 
Common Kingfisher R VC p 
Cormorant WV C 
Grey Heron R C u ~iJ;k 
Little Egret R^ VC U,b ~ 
Little Grebe R c 
Night Heron R C b 
White-breasted Waterhen R VC b \ 
White-breasted 
Kingfisher R VC 
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Appendix D. Field data of bird observation at Au Tau (Cont'd) 
D-5 Bird observation data of P2 in wet/breeding season 
pQnd P 2 Status Rarity Habitats21/4/00 23/4/00 13/7/00 I V i m lVR/nn in/Q/nn 
Red-vented Bulbul PM C u 
brown Shrike PM WV C  
p i n e s e Bulbul R VC  
Chinese bush Warbler WV C  
Crested Bulbul R VC 
Dusky Warbler WV C b 
Japanese White Eye R VC 
Jungle Crow R VC 
Magpie R VC  
Magpie Robin R VC 
Olive-backed Pipit WV VC • 
Rufous-backed Shrike R VC “ 
Siberian Stonechat WV C 
Spotted Dove R v c 
Spotted Munia R C 
Tree Sparrow R VC 
White-backed Munia R C 
Yellow-bellied Prinia R VC b ^ J" 
Black-eared Kite R VC 
Black-necked Starling R VC u,b 2*^  
Collard Crow R C 
Common Myna I R 
Crested Myna R VC u 2 ‘ 
Fantail Warbler R/WV C 
Oriental Reed Warbler PM C 
Red-throated Pipit PM 'WV C ~ 
Silky Starling WV C 
White wagtail R/WV VC 
White-cheeked Starling WV R 
Black-capped Kingfisher R C 
Chinese Pond Heron R v C 
Common Kingfisher R v C 
Cormorant WV C 
Grey Heron R C 
Little Egret R VC u,b  
Little Grebe R q ‘ 
Night Heron R c b i*" 
White-breasted Waterhen R VC b ^ 
White-breasted  
Kingfisher R v C 
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Appendix D. Field data of bird observation at Au Tau (Cont'd) 
D-6 Bird observation data of CI in dry/migratory season 
Control CI Status Rarity Habitats 25/12/99 27/12/992R/1?/QQ 7/9/nn 
Brown Shrike PM/WV C 
Chinese Bulbul R VC t,u 3k j l^~ 
Chinese bush Warbler WV C f 
Crested Bulbul R VC u ^ 
Dusky Warbler WV C  
Japanese white eye R VC t 2让 
Jungle Crow R VC 
Magpie R VC * 
Magpie Robin R VC u,s’t ^ ^ 
Olive-backed Pipit WV VC 
Rufous-backed Shrike R VC 
Siberian Stonechat WV C 
Spotted Dove R VC u,s 
Spotted Munia R C 
Tree Sparrow R VC t’u 4 >5^ ^ 
White-backed Munia R C 
Yellow-bellied Prinia R VC u [v ^ ~ 
Richard's Pipit WV V  
Black-eared Kite R VC  
Black-necked Starling R VC  
Collard Crow R C 
Common Myna I R 
Crested Myna R VC u ^ 
Fantail Warbler R/WV C 
Oriental Reed Warbler PM C u 
Red-throated Pipit P M / W C —' 
Silky Starling WV C 
White wagtail R/WV VC u’p ^ j " " 
White-cheeked Starling WV R t,b 
Black-capped Kingfisher C 
Chinese Pond Heron R v C *’b’p 
Common Kingfisher R v C p jf 
Cormorant WV C ip，* jf ~ ~ ~ 
Grey Heron R q 
Little Egret R v C u,p ^ 
Little Grebe R c jp ^ 
Night Heron R c ‘ “ 
White-breasted Waterhen R VC ii,s,b “ 
White-breasted 
Kingfisher R v c 
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Appendix D. Field data of bird observation at Au Tau (Con'd) 
D-2 The bird observation data of PI in d r y / m i g r a t o r y season 
Control CI Status Rarity Habitats21/4/00 24/4/00 13/7/00 23/7/00 13/8/00 10/9/00 
Common Tailorbird R VC 广 
Brown Shrike PM/WV C  
Chinese Bulbul R VC t，u ^ ^ 1�. 
Chinese bush Warbler WV C : 
Crested Bulbul R VC u 2k  
Dusky Warbler WV C  
Japanese white eye R VC  
Jungle Crow R VC  
Magpie R VC * 
Magpie Robin R VC u,s,t 2 1 2 
Olive-backed Pipit WV VC  
Rufous-backed Shrike R VC u 1� 
Siberian Stonechat WV C  
Spotted Dove R VC u’s 2 � 
Spotted Munia R C  
Tree Sparrow R VC t,u 1�' 2 ” 2 5 
White-backed Munia R C  
Yellow-bellied Prinia R VC u 2" ^ r 
Richard's Pipit WV C * \*  
Black-eared Kite R VC  
Black-necked Starling R VC  
Collard Crow R C  
Common Myna I R  
Crested Myna R VC u  
Fantail Warbler R/WV C  
Oriental Reed Warbler PM C , 
Red-throated Pipit PM/WV C 
Silky Starling WV C  
White Wagtail R/WV VC  
White-cheeked Starling WV R 
Black-capped Kingfisher R C 
Chinese Pond Heron R VC *,b,p 
Common Kingfisher R VC p " 
Cormorant WV C 
Grey Heron R C 
Little Egret R VC 
Little Grebe R C  
Night Heron R C 
White-breasted Waterhen R VC u’s,b jf 
White-breasted Kingfisher R VC 
149 
Appendix D. Field data of bird observation at Au Tau (Con 'd ) 
D-2 The bird observation data of PI in dry/migratory season 
Pond C2 Status Raritv Habitats 17/11/99 18/11/9928/12/99 3/2/00 5/2/00 m m o 
Red-vented Bulbul PM C  
Brown Shrike PM/WV C  
Chinese Bulbul R VC  
Chinese bush Warbler WV C  
Crested Bulbul R VC  
Dusky Warbler WV C b 2 
Japanese White Eye R VC  
Jungle Crow R VC 
Magpie R VC u ~ ~ ^ 
Magpie Robin R VC 
Olive-backed Pipit WV VC u 
Rufous-backed Shrike R VC u 2 � J^  
Siberian Stonechat WV C  
Spotted Dove R VC  
Spotted Munia R C  
Tree Sparrow R VC  
White-backed Munia R C  
Yellow-bellied Prinia R VC b 1 5 f >3^ 
Black-eared Kite R VC  
Black-necked Starling R VC u,b ~ ^ 
Collard Crow R C  
Common Myna I R  
Crested Myna R VC u 12。口 ？ 
Fantail Warbler R/WV C “ 
Oriental Reed Warbler PM C ‘ 
Red-throated Pipit PM/WV C u ' 
Silky Starling WV C 
White Wagtail R/WV VC 
White-cheeked Starling WV R 
Black-capped Kingfisher R C 
Chinese Pond Heron R VC 
Common Kingfisher R VC p 
Cormorant WV C 
Grey Heron R c u lJ，k 
Little Egret R _ VC u,b  
Little Grebe R c 
Night Heron R c 
White-breasted Waterhen R v C b j 
White-breasted 
[Kingfisher | R | VC 
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Appendix D. Field data of bird observation at Au Tau (Cont'd) 
D-9 Bird observation data of C2 in wet/breeding season 
Pond C2 Status Rarity Habitats 21/4/00 24/4/00 13/7/00 23/7/QQ H/R/On in/Q/nn 
Brown Shrike PM/WV C  
Chinese Bulbul R VC  
Chinese bush Warbler WV C  
Crested Bulbul R VC b  
Dusky Warbler WV C  
Japanese white eye R VC 
Jungle Crow R VC ^  
Magpie R VC u 广 
Magpie Robin R VC  
Olive-backed Pipit WV VC  
Rufous-backed Shrike R VC  
Siberian Stonechat WV C 1� 
Spotted Dove R VC u ^ 
Spotted Munia R C 3* 
Tree Sparrow R VC 3 � 2 (nest) 2*" 
White-backed Munia R C ^  
Yellow-bellied Prinia R VC b 广 ^ ^ 
Black-eared Kite R VC ^ 
Black-necked Starling R VC  
Collard Crow R C 1* 
Common Myna 1 R  
Crested Myna R VC u 
Fantail Warbler R/WV C 1* 
Oriental Reed Warbler PM C  
Red-throated Pipit PM/WV C u 广 
Silky Starling WV C , 
White wagtail R/WV VC 
White-cheeked Starling WV R 
Black-capped Kingfisher R C 
Chinese Pond Heron R v C 
Common Kingfisher R v C 
Cormorant WV C p ijf 
Grey Heron R c 
Little Egret R VC u’b 1* 
Little Grebe R c “ 
Night Heron R C b ^ ^ 
White-breasted Waterhen R v C 
White-breasted Kingfisher R v C 
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Appendix D. Field data of bird observation at Au Tau (Con 'd ) 
D-2 The bird observation data of PI in dry/migratory season 
Control C3 Status Rarity Habitats 17/11/99 18/11/9928/12/99 3/2/00 5/2/00 8/2/00 
Brown Shrike PM/WV C u  
Chinese Bulbul R VC  
Chinese Bush Warbler WV C  
Crested Bulbul R VC  
Dusky Warbler WV C  
Japanese White Eye R VC  
Jungle Crow R VC  
Magpie R VC  
Magpie Robin R VC  
Olive-backed Pipit WV VC  
Rufous-backed Shrike R VC  
Siberian Stonechat WV C  
Spotted Dove R VC  
Spotted Munia R C  
Tree Sparrow R VC  
White-backed Munia R C  
Yellow-bellied Prinia R VC b 广 >3^ >3^ 
Black Drongo SV VC b  
Black-eared Kite R VC  
Black-necked Starling R VC u’s 2*^  
Col lard Crow R C  
Common Myna I R  
Crested Myna R VC  
Fantail Warbler R/WV C ‘ 
Oriental Reed Warbler PM C  
Red-throated Pipit PM/WV C •‘ 
Silky Starling WV C  
White wagtail R/WV VC *,s 1* 1 i 
White-cheeked Starling WV R  
Black-capped Kingfisher R C 
Chinese Pond Heron R VC p’b 
Common Kingfisher R VC 
Cormorant WV C 
Grey Heron R C 
Little Egret R _ VC p’b  
Little Grebe R C ip / J 
Night Heron R c 
White-breasted Waterhen R v C b 
White-breasted 
Kingfisher | R | VC | u | 
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Appendix D. Field data of bird observation at Au Tau (Con 'd) 
D-2 The bird observation data of PI in d r y / m i g r a t o r y season 
C �咖 1 一 s Rarity jHabi ta ts—刚。卜• 1] 3/7/00 h/y/op h 3/8/00 1] 0/9/00 
Brown Shrike PM'WV C 
Chinese Bulbul R VC t 
Chinese bush Warbler WV C 
Crested Bulbul R V C 
Dusky Warbler WV C ‘ 一 
Japanese White Eye R VC — 
Jungle Crow R v C 
Magpie R VC  
Magpie Robin R v C ‘ 
Olive-backed Pipit WV VC 
Rufous-backed Shrike R VC u 
Siberian Stonechat WV C 
Spotted Dove R v C 
Spotted Munia R c 
Tree Sparrow R v C 
White-backed Munia R c — 
Yellow-bellied Prinia R VC b 3�.."" 3�. 2 p • 
Black Drongo SV VC b 
Black-eared Kite R VC ‘ “ 
Black-necked Starling R VC u,s ^ “ 
Collard Crow R c ~ “ 
Common Myna I r 
Crested Myna R v C ~ “ 
Fantail Warbler R/WV C “ “ 
Oriental Reed Warbler PM C 一 
Red-throated Pipit PM/WV C ‘ ‘ — 
Silky Starling WV C ~ ‘ ‘ 
White Wagtail R / w V V C ‘   
White-cheeked Starling WV r ‘ 
Black-capped ‘ 
Kingfisher R q 
Chinese Pond Heron R v C p，b “ 
Common Kingfisher R v c “ “ 
Cormorant WV C “ 
Grey Heron R q ~ " 
Little Egret R v c ‘ ‘ 
Little Grebe ‘ 
Night Heron R q 
White-breasted Waterhen R VC b ‘ 
White-breasted Kingfisher R VC  
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Appendix D. Field data of bird observation at Au Tau (Con 'd ) 
D - 2 The bird observation data of PI in d r y / m i g r a t o r y season 
Control C4 Status Rarity Habitats 17/11/99 18/11/992R/n/QQ ^/9/nn U n ^ 
Brown Shrike PM/WV C  
Chinese Bulbul R VC t,u 2*" 
Chinese bush Warbler WV C  
Crested Bulbul R VC t,u 3 � k^ 
Dusky Warbler WV C 
Bam Swallow WV C u 4*'' 2'' 2 
Japanese White Eye R VC 
Jungle Crow R VC 
Magpie R VC t 
Magpie Robin R VC s’* 2 ] p 
Olive-backed Pipit WV VC ‘ 
Rufous-backed Shrike R VC u ^ 
Siberian Stonechat WV C • 
Spotted Dove R VC u,s �� ^ 3 ^ 
Spotted Munia R C b ^ 
Tree Sparrow R VC u,t g 5 
White-backed Munia R C 
Yellow-bellied Prinia R VC b 1�. 广 y•‘ 
Black-eared Kite R VC  
Black-necked Starling R VC  
Collard Crow R C 
Common Myna I R t 
Crested Myna R VC t 
Fantail Warbler R/WV C 
Oriental Reed Warbler PM C “ 
Plain Prinia R C u,b ^ ^ 
Red-throated Pipit PM/WV C “ 
Silky Starling WV C 一 "“ 
White Wagtail R/WV VC 
White-cheeked Starling WV R 
Black-capped Kingfisher R ^ C ‘ 
Chinese Pond Heron v C p ^ 
Common Kingfisher R v C “ 
Cormorant WV C 一 
Grey Heron r q “ 
Little Egret VC — t，b，p l*^  ^ 
Little Grebe r q 
Night Heron r � “ • 
White-breasted Waterhen R v C p，s ^ ~t ^  
White-breasted Kingfisher R v C 
L _ _ i _ _ 
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